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MULTIPLEXED ANALYSIS OF CLINICAL 
SPECIMENS APPARATUS AND METHOD 



Microfiche appendix A contains a listing of selected Visual Basic and C programming 
source code in accordance with the inventive multiplexed assay method. Microfiche appendix 
A, comprising 1 sheet having a total of 58 frames, contains material which is subject to 
copyright protection. The copyright owner has no objection to the facsimile reproduction by 
anyone of the patent disclosure, as it appears in the Patent and Trademark Office patent files or 
records, but otherwise reserves all copyright rights whatsoever. 

The invention relates generally to laboratory diagnostic and genetic analysis and, more 
particularly, to a flow cytometric method for the simultaneous and multiplexed diagnostic and 

genetic analysis of clipical specimens. 

Analysis of clinical specimens is important in science and medicine. A wide variety of 
assays to determine qualitative and/or quantitative characteristics of a specimen are known in the 
art. Detection of multiple analytes, or separately identifiable characteristics of one or more 
analytes, through single-step assay processes are presently not possible or, to the extent possible, 
have provided only very limited capability and have not yielded satisfactory results. Some of 
the reasons for these disappointing results include the extended times typically required to 
enable the detection and classification of multiple analytes, the inherent limitations of known 
reagents, the low sensitivities achievable in prior art assays which often lead to significant 
analytical errors and the unwieldy collection, classification, and analysis of prior art algorithms 
vis a vis the large amounts of data obtained and the subsequent computational requirements to 
analyze that data. 

Clearly, it would be an improvement in the art to have adequate apparatus and methods 
for reliably forming real-time multiple determinations, substantially simultaneously, through 
a single or limited step assay process. A capability to perform simultaneous, multiple 
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determinations in a single assay process is known as "multiplexing" and a process to implement 
such a capability is a "multiplexed assay." 
Flow Cytometry 

One well known prior art technique used in assay procedures for which a multiplexed 
assay capability would be particularly advantageous is flow cytometry. Flow cytometry is an 
optical technique that analyzes particular particles in a fluid mixture based on the particles' 
optical characteristics using an instrument known as a flow cytometer. Background information 
on flow cytometry may be found in Shapiro, "Practical Flow Cytometry," Third Ed. (Alan R. 
Liss, Inc. 1995); and Melamed et al. v "Flow Cytometry and Sorting," Second Ed. (Wiley-Liss 
1990), which are incorporated herein by reference. 

Flow cytometek hydrodynamically focus a fluid suspension of particles into a thin 
stream so that the particles flow down the stream in substantially single file and pass through an 
examination zone. A focused light beam, such as a laser beam illuminates the particles as they 
flow through the examination zone. Optical detectors within the flow cytometer measure certain 
characteristics of the light as it interacts with the particles. Commonly used flow cytometers 
such as the Becton-Dickinson Immunocytometry Systems "FACSCAhT (San Jose, CA) can 
measure forward light scatter (generally correlated with the refractive index and size of the 
particle being illuminated), side light scatter (generally correlated with the particle's size), and 
particle fluorescence at one or more wavelengths. (Fluorescence is typically imparted by 
incorporating, or attaching a fluorochrome within the particle.) Flow cytometers and various 
techniques for their use are described in, generally, in "Practical Flow Cytometry" by Howard 
M. Shapiro (Alan R. Liss, Inc., 1985) and "Flow Cytometry and Sorting, Second Edition 1 * edited 
by Melamed et ah (Wiley-Liss, 1990). 

One skilled in the art will recognize that one type of "particle" analyzed by a flow 
cytometer may be man-made microspheres or beads. Microspheres or beads for use in flow 
cytometry are generally known in the art and may be obtained from manufacturers such as 
Spherotech (Libertyville, IL), and Molecular Probes (Eugene, OR)^ 
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provide benefit in a multiple analyte assay process, such an adaptation has not in reality been 
accomplished. 

Analysis of Genetic Information 

The availability of genetic information and association of disease with mutation(s) of 
critical genes hiis generated a rich field of clinical analysis. In particular, the use polymerase 
chain reaction (PCR) and its variants have facilitated genetic analysis. A major advance in this 
field is described in our co-pending and contemporaneously filed U.S. Application entitled 
"Methods and Compositions for Flow Cytometric Determination of DNA Sequences." This co- 
pending application describes a powerful flow cytometric assay for PCR products, which may 
be multiplexed in accordance with the present invention. A multiplexed flow cytometric assay 
for PCR reaction products would provide a significant advantage in the field of genetic analysis. 

Recent advances in genetic analyses have provided a wealth of information regarding 
specific mutations occurring in particular genes in given disease states. Consequently, use of an 
individual's genetic information in diagnosis of disease is becoming increasingly prevalent. Genes 
responsible for disease have been cloned and characterized in a number of cases, and it has been 
shown that responsible genetic defects may be a gross gene alteration, a small gene alteration, or 
even in some cases, a point mutation. There are a number of reported examples of diseases caused 
by genetic mutations. Testing of gene expression by analysis of cDN A or mRNA, and testing of 
normal genes and alleles, as in cases of tissue typing and forensics, are becoming widespread. 
Other uses of DNA analysis, for example in paternity testing, etc., are also important and can be 
used in accordance with the invention. 

Current techniques for genetic analysis have been greatly facilitated by the development 
and use of polymerase chain reaction (PCR) to amplify selected segments of DNA. The power and 
sensitivity of the PCR has prompted its application to a wide variety of analytical problems in 
which detection of DNA or RNA sequences is required. 
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PCR is capable of amplifying short fragments of DNA, providing short (20 bases or more) 
nucleotides supplied, primers. The primers anneal to eitherendof a span of denatured DN A 
target and, upon restoration, enzymes synthesize the intervening complementary sequences by 
extending the primer along the target strand. During denaturation, the temperature is nused to 
, breakapartthe target and newly synthesized complementary sequence. Upon cooling, renaturatton 
andannealmg^rimersbindtothetargetandthenevvlymade opposue strand and now me pnmer* 
extended again creating the complement The result is that in each cycle of heating and 
renaturationfollowedby primer extension, the amount of target sequence is doubled. 

One major difficulty with adoption of PCR is the cumbersome nature of the methods of 
analyzingthe reaction'sjampUfiedDNA products. Memods for deteetmg genetic abnormaht.es and 
PCRproductshavebeendescribedbut^^ Forexample, 
U S PatentNo. 5,429,923 issued July 4, 1995 to Seidman, et al., describes a method for detectmg 
mutations in persons liaving, or suspected of having, hypertrophic cardiomyopathy. That method 
,s involves amplifying a DNA sequence suspected of containing the disease associated mutanor, 
combining the amplified product «h an RNA probe to produce an RNA-DNA hybnd and 
detecting the mutation by digesting unhybridized portions of the RNA strand by treatmg the 
hybridi^dproductwithanRNAseud^^ 

oftheRNAsemactiontodeterrmnewhemercleavageofmeRNAmol^ 

Other methods used for detecting mutations in DNA sequences, including direct 

amplification of specific alleles, PASA (Botttema and Sommer, Muta. Res., 288, 93-102 1993), 
and revest blotmethod*^^ 
M been described. These techniques, while useful time consuming and cumbersome and for that 
reason are not readily adaptableto diagnostic assays for use on a large scale. 

At least one use of flow cytometry for the assay of a PCR product has been reported but 
that assay has not been adapted to multiplexing. See Vlieger et al.. "Quantitation of Polymerase 
30 Chain Reaction Products by Hybridization-Based Assays with Fluorescent Colonmetnc, or 
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Chemilurainescent Detection," Anal. Biochem., 205, 1-7 (1992). In VHcger et ai. a PCR 
product was labeled using primers that contained biotinylated nucleotides. Unreacted primers 
were first removed and the amplified portion annealed with a labeled complementary probe in 
solution. Beaded microspheres of avidin were then attached to the annealed complementary 
s material. The avidin beads bearing the annealed complementary material were then processed 
by a flow cytometer. The procedure was limited, inter alia, in that avidin beads having only a 
single specificity were employed. Further, real-time analysis of the assay's data was not 
possible. 

10 Data Manipulation 

The large volume of data typically generated during flow cytometric multiple analyte 
assays, combined with 1 the limited capabilities of prior techniques to collect, sort and analyze 
such data have provided significant obstacles in achieving a satisfactory multiplexed assay. The 
computing methods used in prior art flow cytometric analyses have generally been insufficient 

15 and unsuited for accurately and timely 'analyzing large volumes of data such as would be 
generated by multiplexed assays; particularly when more than two analytes (or properties of a 
single analyte) are to be simultaneously determined. 

The present invention enables the simultaneous determination of multiple distinct 
20 analytes to a far greater degree than existing techniques. Further, the invention provides an 
improved data classification and analysis methodology that enables the meaningful analysis of 
highly multiplexed assays in real-time. The invention is broadly applicable to multiplexed 
analysis of a number of analytes in a host of bioassays in which there is currently a need in the 
art 

25 

The present invention provides improved methods, instrumentation, and products for 
detecting multiple analytes in a fluid sample by flow cytometric analysis and for analyzing and 
presenting the data in real-time. An advantage of the invention is that it allows one rapidly and 
simultaneously to detect a wide variety of analytes of interest in a single assay step. 

30 
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The invention employs a pool of bead subsets. The individual subsets are prepared so 
that beads within a subset are relatively homogeneous but differ in at least one distinguishing 
characteristic from beads in any other subset Therefore, the subset to which a bead belongs can 
readily be determined after beads from different subsets are pooled 
5 In a preferred embodiment, the beads within each subset are uniform with respect to at 

least three and preferably four known classification parameter values measured with a flow 
cytometer: e.g., forward light scatter <C V ) which generally correlates with size and refractive 
index; side light scatter (C 2 ) which generally correlates with size; and fluorescent emission in at 
least one wavelength (C,). and preferably in two wavelengths {C, and C<), which generally 
.. results from the presence of fluorochrome(s) in or on the beads. Because beads from different 
subsets differ in at least one of the above listed classification parameters, and the classification 
parameters for each subset are known, a bead's subset identity can be verified during flow 
cytometric analysis of the pool in a single assay step and in real-time. 

„ Prior to pooling subsets of beads to form a beadset, the beads within each subset can be 

coupled to a reactant that will specifically react with a given analyte of interest in a fluid sample 
to be tested. Usually, different subsets will be coupled to different reactants so as to detect 
different analytes. For example, subset 1 may be labeled so as to detect analyte A (AnA); subset 
2 may be labeled so as to detect analyte B (AnB); etc. 

20 

At some point prior to assay, the variously labeled subsets are pooled. The pooled beads, 
or beadset, are then mixed with a fluid sample to test for analytes reactive with the various 
reactants bound to the beads. The system is designed so that reactions between the reactants on 
the bead surfaces and the corresponding analytes in the fluid sample will cause changes in the 

25 intensity of at least one additional fluorescent signal (FJ emitted from a fluorochrome that 
fluoresces at a wavelength distinct from the wavelengths of classification parameters C, or C 4 . 
The F m signal serves as a "measurement signal," that is, it indicates the extent to which the 
reactant on a given bead has undergone a reaction with its corresponding analyte. The F m signal 
may result from the addition to the assay mixture of fluorescently labeled "secondary" reagent 

30 that binds to the bead surface at the site where a reactant-analyte reaction has occurred. 
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When the mixture (pooled beads and fluid sample) is run through a flow cytometer, each 
bead is individually examined. The classification parameters, e.g., C h C 2 , C,, and C„ are 
measured and used to classify each bead into the subset to which it belongs and, therefore, 
identify the analyte that the bead is designed to detect. The F m value of the bead is determined 
to indicate the concentration of analyte of interest in the fluid sample. Not only are many beads 
from each subset rapidly evaluated in a single run, multiple subsets are evaluated in a single run. 
Thus, in a single-pass and in real-time a sample is evaluated for multiple analytes. Measured F m 
values for all beads assayed and classified as belonging to a given subset may be averaged or 
otherwise manipulated statistically to give a single meaningful data point, displayed in 
histogram format to provide information about the distribution ofF m values within the subset, or 
analyzed as a jfunction of time to provide information about the rate of a reaction involving that 
analyte. 

In a preferred embodiment, the beads will have two or more fluorochromes incorporated 
within or on them so that each of the beads in a given subset will possess at least four different 
classification parameters, e.g., C h C> Cj, and C 4 . For example, the beads may be made to 
contain a red f luorochrome (Cj), such as nile red, and bear an orange fluorochrorne (C 4 \ such as 
Cy3 or phycoerythrin. A third fluorochrorne, such as fluorescein, may be used as a source of the 
C n or F„ signal. As those of skill in the art will recognize, additional fluorochromes may be 
used to generate additional C„ signals. That is, given suitable fluorochromes and equipment, 
those of skill in the art may use multiple fluorochromes to measure a variety of C„ or F m values, 
thus expanding the multiplexing power of the system even further. 

In certain applications designed for more quantitative analysis of analyte concentrations 
or for kinetic studies, multiple subsets of beads may be coupled to the same reactant but at 
varying concentrations so as to produce subsets of beads varying in density of bound reactant 
rather than in the type of reactant. In such an embodiment, the reactant associated with 
classification parameter C 4 , for example, may be incorporated directly into the reactive reagent 
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that is coupled to the beads, thereby allowing C 4 conveniently to serve as an indicator of density 
of reactant on the bead surface as well as an indicator of reactant identity. 

To prepare subsets varying in reactant density one may, for example, select, isolate, or 
5 prepare a starting panel of different subsets of beads, each subset differing from the other subsets 
in one or more of C„ C„ or C, Each of those subsets may be further subdivided into a number 
of aliquots. Beads in each aliquot may be coupled with a reactant of choice that has been 
fluorescently labeled with a fluorochrome associated with C 4 (eg. Analyte A labeled with Cy3) 
under conditions such that the concentration or density of reactant bound to the beads of each 
,o aliquot will differ from that of each other aliquot in the subset. Alternatively, an entire subset 
may be treated with,the C 4 fluorochrome under conditions that produce a heterogeneous 
distribution of C 4 reactant on beads within the subset. The subset may then be sorted with a cell 
sorter on the basis of the intensity of C, to yield further subsets that differ from one another in 

h 

C 4 intensity. 

15 

One limitation of the alternative embodiment of using C 4 labeled reactant as a 
classification agent is that one must design the system so that the value of C 4 as a classification 
parameter is not lost Therefore, one must take care to assure that- the C 4 intensities of all 
subsets carrying reagent A differs from the C 4 intensities of all subsets carrying reagents B, C, 
jo and so forth. Otherwise, C 4 would not be useful as a parameter to discriminate reactant A from 
reactant B, etc. 

With either embodiment, the number of subsets that can be prepared and used in practice 
of the invention is theoretically quite high, but in practice will depend, inter alia, on the level of 
« homogeneity within a subset and the precision of the measurements that are obtained with a flow 
cytometer. The intra-subset heterogeneity for a given parameter, e.g., forward angle light scatter 
C„ correlates inversely with the number of different subsets for that parameter that can be 
discriminated by flow cytometric assay. It is therefore desirable to prepare subsets so that the 
coefficients of variation for the value of each classification parameter <C„ C„ C„ and C,) to be 
. 30 used in a given analysis is minimized. Doing this will maximize the number of subsets that can 
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be discriminated by the flow cytometer. Bead subsets may be subjected to flow cytometric 

sorting or other procedures at various different points in preparation or maintenance of the bead 

subsets to increase homogeneity within the subset. Of course, with simple assays designed to 

detect only a few different analytes, more heterogeneity can be allowed within a subset without 

compromising the reliability of the assay. 

In an illustrative embodiment set forth here to explain one manner in which the invention 

can work in practice, the beads are used to test for a variety of antibodies in a fluid sample. A 

panel of bead subsets having known varying C h C 2 > Q, and C 4 values is first prepared or 

otherwise obtained. The beads within each subset are then coupled to a given antigen of 

interest Each subset receives a different antigen. The subsets are then pooled to form an assay 

beadset and may be stored for later use and/or sold as a commercial test kit 
\ 

In the assay procedure, the beads are mixed with the fluid to be analyzed for antibodies 
reactive with the variety of antigens carried on the beads under conditions that will permit 
antigen-antibody interaction. The beads are labeled with a "secondary* reagent that binds to 
antibodies bound to the antigens on the beads and that also bears the measurement fluorochrome 
associated with parameter F m (e.g., fluorescein). A fluoresceinated antibody specific for 
immunoglobulin may be used for this purpose. The beads are then run through a flow 
cytometer, and each bead is classified by its characteristic classification parameters as belonging 
to subset- 1, subset-2, etc. At the same time, the presence of antibodies specific for antigen A, B, 
etc., can be detected by measuring green fluorescence, F my of each bead. The classification 
parameters C h C 79 C h and C 4 allow one to determine the subset to which a bead belongs, which 
serves as an identifier for the antigen carried on the bead. The F m value of the bead indicates the 
extent to which the antibody reactive with that antigen is present in the sample. 

Although assays for antibodies were used above as an illustration, those of ordinary skill 
in the art will recognize that the invention is not so limited in scope, but is widely applicable to 
detecting any of a number of analytes in a sample of interest For example, the methods 
described here may be used to detect enzymes or DNA or virtually any analyte detectable by 
virtue of a given physical or chemical reaction. A number of suitable assay procedures for 
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detection and quantification of enzymes and DNA (particularly as the result of a PCR process) 
are described in more detail below. 

The present invention also provides a significant advance in the art by providing a rapid 
and sensitive flow cytometric assay for analysis of genetic sequences that is widely applicable to 
detection of RNA, differing alleles, and any of a number of genetic abnormalities. In general, the 
methods of the present invention employ a competitive hybridization assay using DNA coupled 
microspheresand fluorescent DNA probes. Probes and microsphere-linkedoUgonucleotidescould 
also include RNA, PNA, and non-natural nucleotide analogs. 

In practice of the invention, oligonucleotides from a region of a gene of interest, often a 
polymorphic allele or a region to which a disease associated mutation has been mapped, are 
synthesized and coupled to a microsphere (bead) by standard techniques such as by carbodiimide 
coupling. Afluoresc«toligonucleoude,complementarytomeoligonucleotidconthebea4 
synthesized. To perform a test in accordance with the invention, DNA which is to be tested is 
purified and either assayed unamplified, or subjected to amplification by PCR, RT-PCR, or LCR 
amplification using standard techniques and PCR initiation probes directed to amplify the 
particular region of DNA of interest The PCR product is then incubated with the beads under 
conditions sufficient to allow hybridization between the amplified DNA and the oligonucleotides 
present on the beads. A fluorescent DNA probe that is complementary to the oligonucleotide 
coupled to the beads is also added under competitive hybridization conditions. Aliquots of the 
beads so reacted are then run through a flow cytometer and the intensity of fluorescence on each 
bead is measured to detect the level of fluorescence which indicates the presence or absence of 
given sequences in the samples. 

For example, when beads labeled with an oligonucleotide probe corresponding to a non- 
mutated (wild-type) DNA segment are hybridized with the PCR product from an individual who 
has a non-mutated wild-type DNA sequenced the genetic region of interest, the PCR productwill 
effect a signi ficant competitive displacement of fluorescent oligonucleotide probe from the beads 
, and, therefore, cause a measurable decrease in fluorescence of the beads, e.g., as compared to a 
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control reaction that did not receive PCR reaction product If, on the other hand, a PCR product 
from an individual having a mutation in the region of interest is incubated with the beads bearing 
the wild-type probe, a significantly lesser degree of displacement and resulting decrease in 
intensity of fluorescence on the beads will be observed because the mutated PCR product will be a 
less effective competitor for binding to the oligonucleotide coupled to the bead than the perfectly 
complementary fluorescent wild-type probe. Alternatively, the beads may be coupled to an 
oligonucleotide corresponding to a mutation known to be associated with a particular disease and 
similar principles applied. In the multiplexed analysis of nucleic acid sequences, bead subsets are 
prepared with all known, or possible, variants of the sequence of interest and then mixed to form a 
bead set The reactivity of the test sample, e.g. PCR product, with the wild-type sequence and 
other variants can then be assayed simultaneously. The relative reactivity of the PCR product with 
subsets bearing the wilA-type or variant sequences identifies the sequence of the PCR product The 
matrix of information derived from this type of competitive hybridization in which the test 
sequence and title entice panel of probe sequences react simultaneously allows identification of the 
PCR product as wild-type, known mutant, or unknown mutant. The invention thus provides one 
with the ability to measure any of a number of genetic variations including point mutations, 
insertions, deletions, inversions, and alleles in a simple, exquisitely sensitive, and efficient format. 

Figure 1 is a block diagram of an illustrative hardware system for performing a multiplex 
assay method in accordance with the invention. 

Figure 2 is a block diagram of an illustrative software system for performing a multiplex 
assay method in accordance with the invention. 

Figure 3 is a flow-chart for a preprocessing phase in accordance with the inventive 
multiplexed assay method. 

Figure 4 shows an assay database in accordance with the invention. 
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Developmeat of a multiplexed assay for use in accordance with the invention can be 
divided into three phases: (1) preprocessing, (2) real-time analysis, and (3) interpretation. 
During the preprocessing phase, baseline data is collected independently, via flow cytometric 
techniques, for each of an assay's bead subsets. Baseline data is used to generate a set of 

, functions that can classify any individual bead as belonging to one of the assay's subsets or to a 
. rejection class. During the analysis phase, How cytometric measurements are used to classify, in 
real-time, each bead within an exposed headset according to the aforementioned functions. 
Additionally, measurements relating to each subset's analyte are accumulated. During the 
interpretation phase the assay's real-time numerical results are associated with textual 

io explanations and these textual explanations are displayed to a user. 

The inventive method allows the detection of a plurality of analytes simultaneously 
during a single flow cytometric processing step. Benefits of the inventive multiplex assay 
method include increased speed and reduced cost to analyze a clinical sample. 



13 



System Hardware 

Figure 1 shows, in block diagram form, a system for implementing the inventive 
multiplexed assay method. Flow cytometer 100 output consists of a series of electrical signals 
indicative of one or more specified measured characteristics on each bead processed. These 
20 measurement signals are transmitted to computer 105 via data bus 110 and interface board 115. 
During the preprocessing phase, the signals are used by the computer to generate an assay 
database. During the real-time analysis phase, the signals are processed by the computer (ustng 
the assay database) in accordance with the inventive method to produce a 
multiplexed/simultaneous assay of a clinical sample. 

31 

How cytometer 100 operates in a conventional manner. That is, beads are processed by 
illuminating them, essentially one at a time, with a laser beam. Measurements of the scattered 
laser light are obtained for each illuminated bead by a plurality of optical detectors. In addition, 
if a bead contains at least one appropriate fluorescing compound it will fluoresce when 
30 illuminated. A plurality of optical detectors within the flow cytometer measure fluorescence at a 
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plurality of wavelengths. Typical measured bead characteristics include, but are not limited to, 
forward light scatter, side light scatter, red fluorescence, green fluorescence, and orange 
fluorescence. One of ordinary skill in the use of flow cytometric techniques will recognize that 
the use of green fluorescent markers or labels can cause cross-channel interference between 
optica] detectors designed to detect green and orange wavelengths (e.g., approximately 530 
nanometers and approximately 585 nanometers respectively). A training set of beads, in 
combination with standard data manipulation, can correct for this cross-channel interference by 
providing the physical measurements required for mathematical correction of the fluorescence 
measurements. 

One of ordinary skill will further recognize that many alternative flow cytometer setups 
are possible. For instance, additional color sensitive detectors could be used to measure the 
presence of other fluorescence wavelengths. Further, two or more laser beams can be used in 
combination to illuminate beads as they flow through the cytometer to allow excitation of 
fluorochromes at different wavelengths. 

Computer 105 can be a conventional computer such as a personal computer or 
engineering workstation. In one embodiment, the computer is a personal computer having an 
Intel M 486" processor, running Microsoft Corporation's "WINDOWS" operating system, and a 
number of ISA expansion slots. 

Interface board 115 is designed to plug into one of the computer's 100 ISA (Industry 
Standard Architecture) expansion slots. While the design of an interface board is, in general, 
different for each specific type of flow cytometer 100, its primary functions include (1) 
receiving and parsing measurement data signals generated by the flow cytometer's detectors, (2) 
receiving control parameter status information from the flow cytometer, and (3) sending control 
parameter commands to the flow cytometer. The precise manner in which these functions are 
carried out are dependent upon the type (make and model) of the flow cytometer used. In one 
embodiment, employing a Becton-Dickinson "FACSCAN" flow cytometer (San Jose, CA), the 
interface board uses control signals generated by the flow cytometer to distinguish measurement 
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data and flow cytometer parameter and control signals. Measured data include forward light 
scatter, side light scatter, red fluorescence, green fluorescence, and orange fluorescence. 
Parameter and control signals include flow cytometer amplifier gain adjustments and status 
information. 

s 

While the design of an interface board 115 for use with the inventive assay method 
would be a routine task for one skilled in the art of diagnostic medical equipment design having 
the benefit of this disclosure, an important aspect for any interface board is its ability to 
accommodate the transmission data rate generated by whatever flow cytometer is used. For 
10 example, the "FACSCAN" flow cytometer can transmit a 16-bit (2 byte) word every 4 
microseconds resulting in burst data rates of 500,000 bytes per second. Microfiche appendix A 
provides a detailed source code embodiment of the inventive assay method for use with the 
"FACSCAN 1 " flow cytometer. 

m Data bus 115 provides a physical communication link between the flow cytometer 100 

and the interface board 110. Its physical and electrical characteristics (eg, data width and 
bandwidth) are dependent upon the capabilities of the flow cytometer. It is noted that the data 
bus need not be a totally digital bus. If the flow cytometer does not include analog-to-digital 
conversion of measured bead characteristics (e.g., light scatter and fluorescence signals), then 

M the data bus must communicate these analog signals to the interface board. It is then necessary 
that digital conversion of these signals be provided by either the interface board or another 
peripheral device before the data is transmitted to the computer 105. 

System Software 

a, As shown in Figure 2, the software architecture for the inventive assay method can be 

divided into two parts. A graphical user interface (GUI) 200 provides the means by which a user 
(1) receives assay results and (2) interacts with the flow cytometer. A dynamically linked 
library (DLL) 205 provides the means through which the inventive real-time assay is performed 
and includes routines necessary to (1) interact with interface board 115 and (2) send and receive 

30 information to the flow cytometer 100. 
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An important aspect of the inventive assay method is that it performs a simultaneous 
analysis for multiple analytes in real-time. One of ordinary skill in the art of computer software 
development will realize that real-time processing can impose severe time constraints on the 
operational program code, i.e., the DLL 205. For example, the "FACSCAN" flow cytometer 
can process, or measure, approximately 2,000 beads per second, where each bead is associated 
with eight 16-bit data values. Thus, to process flow cytometer data in real-time from a 
"FACSCAN " the DLL should be able to accept, and process, at a consistent data rate of at least 
32,000 bytes per second. The need to accommodate this data rate, while also having sufficient 
time to perform real-time analysis based on the data, will generally necessitate that some of the 
DLL code be written in assembly language. 
1 

In a current embodiment, the GUI 200 is implemented in the visual basic programming 
language and the D(X 20S is implemented in C and assembly language programming. 
Microfiche appendix A contains source code listings for one embodiment of the GUI and DLL. 

Preprocessing 

A function of the preprocessing phase is to generate an assay database for use during the 
real-time analysis of an exposed headset (clinical sample). Thus, preprocessing is performed 
prior to combining separately labeled bead subsets to form assay headsets. Assay definition, 
discriminant fraction definition, and interpretation tables are created at the time an assay 
headset is created. Figure 3 shows, in flow chart form, the steps taken during the preprocessing 
phase. 

A bead subset is characterized by (1) the analyte it is designed to identify, (2) one or 
more classification parameters C ; ... C m and (3) one or more measurement parameters F ai - 
F^. During the preprocessing phase the classification parameters are used to generate a set of 
functions, refereed to as discriminant functions, that can classify a bead as belonging to one of 
the assay's subsets or a rejection class. Measurement parameters are used during the real-lime 
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analysis phase to determine if a specified analyte is present in the clinical sample being 
analyzed. 

The precise number of individual beads contained in any given subset is relatively 
5 unimportant, the only significant criterion being that a sufficient number are used so that a good 
statistical characterization of the subset's parameters can be achieved during the real-time 
analysis phase. In a current embodiment, each bead subset contains an equal number of beads. 
One of ordinary skill in the field will recognize that the precise number of beads within any 
given bead subset can vary depending upon many factors including, but not limited to, the 
.o number of analytes an assay beadset is designed to detect, the uniformity of the labeled beads 
(with respect to eachjOf the measured parameters C, ... C m F ml ... F m ), and the penalty of 
Declassifying (e.g., making a type 1 or type 2 classification error) a bead during analysis. 

During preprocessing, each bead in an unexposed subset is measured by a flow 
,5 cytometer 100 and the resulting data values accumulated for later use 300. For example, if the 
flow cytometer measures n classification parameters and x measurement parameters, i.e., 
generates (n + x) values for each bead, data for each of the subset's (» + x) parameters are 
updated based on each bead's measurements. This data collection step is repeated independently 
for each subset in the assay's beadset 305. The collection of such data for each of an assay's 
20 subsets constitutes an assay's baseline data. 

After an assay's baseline data has been collected, a set of discriminant functions are 
determined 310. During real-time analysis, the discriminant functions are used to classify a 
bead into one of the assay's bead subsets or a rejection class based solely on the measured 
« classification parameters, C, ... C„. This step, in principle and practice, is a problem of multi- 
dimensional classification or cluster analysis. Many prior art techniques and commercial 
software programs exist to perform this task. 

Beads are generally manufactured in large quantities referred to as batches. Each bead in 
30 a batch is of nearly identical size and has substantially the same dye absorption capacity. In 
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light of this manufacturing process, bead subsets can be created using precise dilutions of chosen 
dyes and, because of their nearly identical size, all classification parameters will exhibit 
essentially equal variances. By correcting for scaling of the photo-multipliers within a flow 
cytometer, a linear classification rule can be generated. Further, since there are equal quantities 
of beads in each subset, the prior probabilities will be equal. This allows use of Fisher's linear 
discriminant technique to calculate the discriminant functions which define classification 
boundaries. See, Fisher, "The Use of Multiple Measurements in Taxonomic Problems," Annals 
of Eugenics, 7, 179-188 (1936). For instance, linear hierarchical discriminant functions may be 
chosen which are equidistant, in a Euclidean sense, between the centers or centroids of any two 
of an assay's bead subsets. Notwithstanding the present example, other types of discriminant 
functions, such as quadratic functions and those discriminating on more than two classification 
parameters at once, are also possible. 

In addition to, the discriminant functions, a set of threshold values are chosen which are 
used during the real-time analysis phase to detect the presence of a target analyte. For example, 
assume measurement parameter F mt is used to detect analyte-A. During preprocessing, the 
baseline or unexposed value for F mJ is measured and accumulated for that subset's beads. 
Analyte-A's threshold could then, for example, be set to F ffl /s baseline mean value plus one 
standard deviation of F m /s baseline value. One of ordinary skill will recognize that the precise 
function or value selected for a threshold depends upon the parameter being measured (e.g., its 
distribution) and the cost of making a classification error (e.g., a type 1 or a type 2 error). It is 
routine that such values be based on an empirical review of the baseline data. The important 
criterion is tha t the threshold reliably distinguish between the presence and absence of the target 
analyte in an exposed assay headset. 

After baseline data for each of an assay's bead subsets are collected and discriminant 
functions and analyte threshold values are established, an assay database is generated 315. 
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Assav Database 

As shown in Figure 4, an assay database 400 consists of an assay definition table 40S, a 
discriminant function table 410, a results table 415, and an interpretation table 420. See Figure 



The assay definition table 405 defines an assay which, as described above, comprises 
two or more bead subsets each of which is designed to detect a specified analyte. Each row in 
the assay definition table describes a bead subset and contains the following entires: (1) assay 
name, (2) subset name. (3) subset token, (4) baseline values for each of - the subset's 
measurement parameters F ml - and (5) test-type token. The subset name entry is a text 
string identifying the subset by, for example, the type of analyte it is labeled to detect. The 
subset token is a unique subset identifier. The measurement parameter baseline entries are used 
during the interpretation phase to associate a numerical result (collected during the real-time 
analysis of a clinical sample) with a textual output string. Finally, the test-type token identifies 
which one of a possible plurality of interpretation tests to perform on the collected (real-time) 
data during the interpretation phase. 

The discriminant function table 410 is used to systematically set forth an assay's set of 
discriminant functions. Each row in the discriminant function table implements a single 
discriminant function and includes entries for (1) the assay's name, (2) a unique row identifier, 
(3) one or more classification parameters upon which to evaluate, (4) high and low discriminant 
values for each of the listed classification parameters, and (5) evaluation tokens which are 
assigned as el result of evaluating the discriminant function. 

The results table 415 is used to store, or accumulate, data on an assays beadset during 
the real-time analysis phase of the inventive method and is discussed further in Section 6.2(d). 

The interpretation table 420 provides a means to associate text messages with each 
enumerated assay result and is discussed further in Section 6.2(e). 
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Preprocessing Example 

Consider an assay headset designed to simultaneously detect four analytes: analyte-A, 
analyte-B, analyte-C, and anaJyte-D. Thus, the assay's headset is comprised of four bead 
subsets, each labeled for a different analyte. Suppose further that the assay headset is to be 
processed by a Becton-Dickinson Immunocytometry Systems "FACSCAN" flow cytometer. 
For each bead processed, the "FACSCAN" measures forward light scatter, side light scatter, red 
fluorescence, orange fluorescence, and green fluorescence. Let classification parameter C t be 
forward light scatter, classification parameter C 2 be side light scatter, classification parameter C 3 
be red fluorescence, classification parameter C 4 be orange fluorescence, and measurement 
parameter F ml be green fluorescence. (This notation implies that each bead in a subset is labeled 
with a green fluorophore bearing, for example, an antibody or dye specifically targeted to that 
subset's analyte.) * 

After p reparing each of the four subsets and before they are combined to form the assay 
headset, they are processed by the flow' cytometer and their measured data are accumulated: 
values for each of the parameters C /p C s , C 4 , and F m! are recorded for each bead. Each bead 
subset is similarly processed. Completion of this task constitutes completion of baseline data 
acquisition. 

. Using baseline data, the assay's beads are clustered in the four-dimensional parameter 
space defined by C h C 2 > Cj, and C 4 . The result of this cluster analysis is that each subset is 
characterized by a mean (ji) and standard deviation (cr) for each of its four classification 
parameters. See Figure 5. As previously noted, the precise number of individual beads 
contained in any given bead subset can be calculated by those of ordinary skill in the art This 
calculation is required to obtain good statistical characterization of the subset's parameters - e.g., 
small, or relatively fixed, coefficient of variations for each parameter. 

As shown in Figure 6, the assay definition table 405 is comprised of general information 
relevant to the overall diagnostic function of the assay. For instance, in a genotyping assay, each 
of the assay's subset's may be assigned a token used for identification: e.g., token 46 represents 
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the bead subset labeled to detect a wildtype coding sequence for a specified gene; subset tokens 
21, 50, and 5 represent subsets labeled to detect various mutant type coding sequences for a 
specified gene(s). Additionally, measurement parameter FJs baseline (in this example the 
mean) and standard deviation values are listed. Finally, a test-type token is listed. In the current 
embodiment a test-type token of V means an OVER/UNDER interpretation test is to be 
performed and a test-type token of T means a SHIFT interpretation test is to be performed. See 
Section 6.2(f) for further discussion of these issues. 

Discriminate functions are generated by viewing the assay* baseline data graphically in 
three dimensions and creating planes to separate the different subset clusters. These "planes" 
are created by applyjng Fischer 1 * Linear Discriminant to the n-dimensional classification 
parameter space. A populated discriminate function table based on the baseline data of Figure 5 
is shown in Figure 7. 

»■ 

The discriminant function table provides a systematic means of evaluating a series of 
classification values (C,. C, C, C<) in order to classify a bead. In general bead classification 
proceeds by entering the discriminant function table at row 0, performing a test on a specified 
parameter (e.g., C„ C> C, or C 4 ) and then, depending upon the result, either classifying the 
bead or proceeding to another test which involves evaluating a different row in the table. For 
example, suppose bead A has the following measured classification parameter values: C, = V„ 
C 2 = V*C, = V 3 , and C 4 = V 4 . Classification of bead A via the discriminant function table of 
Figured begins as foUows (the pseudo-code below would demonstrate to those skilled in the 
art of programming the logic involved in the classification process): 

i 1 . Enter table at row 0 with measured values for C„ C> Q, and C 4 . 

2. If (LOW VALUE = 500) * (PARAMETER = C, - V,) S (HIGH VALUE = 620) then 
(result = TRUE), else (result = FALSE). 

3. If (result = TRUE) and (TRUE ROW ID * 0), then re-enter table at TRUE ROW ID, else 
4. If (result = TRUE) and (TRUE ROW ID = 0), then (class = TRUE TOKEN). 
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5. If (result = FALSE) and (FALSE ROW ID * 0), then re-enter table at (row = FALSE 
ROW ID), else 

6. If (result = FALSE) and (FALSE ROW ID = 0), then (class = FALSE TOKEN). 
7. If (TRUE TOKEN or FALSE TOKEN) - 0, then (class = reject class). 

One of ordinary skill will recognize from the above discussion that a discriminant 
function table embodies a (classification) decision tree. Figure 8 shows this relationship for the 
discriminant function table of Figure 7 explicitly. A discussion of the discriminant function 
table as it relates to the real-time processing of an exposed assay beadset is provided in Section 
62(d). Once a beadset is preprocessed, the data may be employed in real-time analysis of many 
assays using tliat set. One of ordinary skill in the art will also recognize that instead of a 
decision tree, a bitmapW look up table could be used to classify the bead sets. 

Real-Time Analysis *, 

Once a collection of bead subsets have been characterized as described above and 
combined to form an assay beadset, the beadset may be exposed to a test sample. That is, they 
may be used to analyze a clinical sample. After exposure the beadset is ready for real-time 
analysis. The real-time analysis phase is initiated by installing the exposed beads into a 
conventional flow cytometer for processing. 

As described above, for each bead processed a flow cytometer 100 generates electrical 
signals indicative of a plurality of measured parameters, C/ ... C w F mf ... These values are 
transmitted to computer 105 via data bus 110 and interface board 115. Values for a bead's 
classification j>arameters C ; ... C„ are used to evaluate the assay's discriminant functions, as 
encoded in a discriminant function table 410, the result of which is an initial classification of the 
bead into one of the assay's bead subsets or a reject class. 

After this initial classification, a bead's measured classification parameter values C/ ... 
C n can be checked against their (C/ ... C„) baseline values to determine if it is "reasonable" to 
classify the bead as belonging to the initially identified class. In a current embodiment, this 
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reasonableness test is implemented by computing the distance between the measured 
classification parameter values and the mean values obtained during preprocessing. If the 
measured values for C, ... C„ for a particular bead are sufficiently distant from the identmed 
subsets baseline values, the bead is assigned to a reject class. Use of this technique allows for 
5 the rejection of beads that were initially reclassified and improves the overall reliabmty of the 
analysis. 

To ensure proper classification, a preferred embodiment's pooled beadset will include a 
bead subset which has no bound reactants (e.g., a placebo bead subset) in a known ratio to the 

io headset's otheir subsets. 

It is noted tha^ when a beadset is comprised of beads manufactured in a single batch, the 
above described reasonableness test can be incorporated into the linear discriminant functions by 
creating reject space between all subsets. However, when a beadset is comprised of beads from 
more than one battk a Euclidean (or similar) distance measure is needed to validate the 

i s classification result 

Once a bead is assigned its final classification, the assays results table 415 is updated to 
reflect the newly classified bead's measurement parameter values F ml ... F„ Thw data 
acquisition, classification, and update process is repeated for each bead in the assay beadset m 
» real-time. Figure 9 shows, in block diagram form, the general steps performed dunng the real- 
time analysis phase of a method in accordance with the invention. 

In one embodiment me following data are accumulated in the results table for each class 
(subset) of bead in the assay: (1) total count of the number of beads detected in the specified 
25 class, (2) a running sum for each measurement parameter F ml - (3) for each measurement 
parameter the total count of the number of beads in the class whose measurement value ,s less 
than the parameter's baseline value, and (4) for each measurement parameter the total count of 
the number of beads in the class whose measurement value is more than the parameter's basehne 
value. 

. 30 
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Real-Time Analysis Example 

In the illustrative embodiment introduced in Section 6.2(c), the assay headset is designed 
to simultaneously detect four analytes using four classification parameters (C ; represents 
forward light scatter, C 2 represents side light scatter, C 3 represents red fluorescence, and C 4 
represents oraoge fluorescence) and one measurement parameter (F mJ representing green 
fluorescence). After exposing the headset to a suitable biological sample, it is placed into a flow 
cytometer 100 which processes each bead (e.g., measures parameters C h C 2 , C„ and F ml ) 
and transmits to computer 105 signals indicative of these measurements via data bus 110 and 
interface board 115. 

For each bead processed by the flow cytometer, values for C h C h and C 4 are 
evaluated in accordance with the discriminant function table shown in Figure 7 to initially 
classify the bead as belonging to a particular subset, for example, in a genetic analysis intended 
to detect mutations in.the Kras oncogene, the classification could proceed as follows: (1) class 
46, Kras CODON 46 WILDTYPE, (2) class 21, Kras CODON 21 MUTANT, (3) class 50, Kras 
CODON 50 MUTANT, (4) class 5, Kras CODON 5 MUTANT, or (5) a reject class. (See 
Figure 8 for a decision tree representation of the discriminate function table of Figure 7.) If the 
bead is initially classified as belonging to any class except the reject class, a reasonableness test 
is performed on the bead's classification parameter values, C r - C„. For example, if the bead 
received an initial classification of class 50 and its C; value is more than two standard 
deviations away from its mean, the bead is given a final classification of reject. Otherwise the 
bead's final classification is the same as its initial classification - 50. 

If the head's final classification is other than reject, its F mJ value is used to update the 
assay's results table in the following manner (see Figure 10): 

1 . Identifying, based on the bead's classification token (i.e., subset token 46, 21, 50, or 5), the 
row in the results table which is to be updated. 

2. Incrementing the identified row's COUNT value. The COUNT value reflects the total 
number of beads of the specified class that have been identified during the analysis. 
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3. Adding the bead's F ml value to the value contained in the row's SUM column. The SUM 
value reflects a running sum of the identified classes measurement values. 

4 If the bead's F ml value is greater than FJt base value (determined during the 
processing phase, see Figure 6), then incrementing the roVs OVER COUNT value. 
The OVER COUNT value reflects the total number of beads of the specified class that 
have been processed whose F ml values are above that of baseline. 

5 If the bead's F al value is less than F ml 's base value (as determined during the 
preprocessing phase, see Figure 6). then incrementing the row's UNDER COUNT value. 
The UNDER COUNT value reflects the total number of beads of the specified class that 
have been processed whose F ml values are below that of baseline. 

In a preferred embodiment, data (i.e., count, and measured F ml values) for each bead 
classified as a reject can also be collected 



r, 

Interpretation 



Following the real-time classification and accumulation of results as described above, the 
user may select to see a text based presentation or interpretation of the assay's numerical results. 
During the interpretation phase the assay's real-time numerical results are associated with textual 
explanations. These textual explanations can be displayed to the user. 

It is the function of the interpretation table 420 to associate textual descriptions of an 
assay's possible outcomes with an actual assay's numerical results. Each row in the 
interpretation table provides the necessary information to make a single interpretation and 
typically includes entries for (1) the assay's name, (2) a subset token identifying the class or 
23 subset on which the interpretation is based, (3) an outcome identifier for the identified subset, 
(4) a test-type token. (5) high and low discriminant values for each measurement parameter 
utilized in the identified test, and (6) a text string describing the row's result 

The test-type token identifies which one of a possible plurality of interpretation tests to 
3, perform on the collected (real-time) data during the interpretation phase. In a current 
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embodiment the test-type token is either '0' or T. A value of 'O 1 indicates an OVER/UNDER 
interpretation test is to be performed. A value of T indicates a SHIFT interpretation test is to be 
performed. These tests are defined in the following manner: 



OVER/UNDER Test Value - 0VER C0UNT and 

UNDER COUNT 



SUMS 

SHIFT Test Value /COUNT 

Baseline F m Value 

where the variables OVER COUNT, UNDER COUNT, SUM, COUNT, and baseline F are 

\ m 
described above in Section 62(d). 

The OVER/UNDER test is generally used for qualitative measurements where the level 
of reactivity of beads is an indication of the condition or concentration of a biomolecule present 
in the sample, The shift test is used where the result sought is a determination of the a 
minimally detectable level of a particular biomolecule. One of ordinary skill will recognize that 
many other tests could be performed. Examples include ranking, stratification, ratio of means to 
a standard, or to each other, etc. 

In general an interpretation table 420 may associate any number of entries or 
interpretations (e.g., rows within the table) with a single assay class or bead subset For 
instance, bead subset Y could have a single measurement parameter (F m/ ) associated with it and 
this measurement parameter could indicate, depending upon its value, that one or more 
interpretations are appropriate. 



Note, the contents of the interpretation table 420 are generated during the preprocessing 
phase. This implies that the target assay be understood and that the various assay results be 
considered prior to construction of multiplexed assays. 
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results" viathe inventive method's g"Pbi»" 

As described above, each bead subset (class) within an assay has an entry or tow in the 
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15 appropriate results table entry. 

As a specific example, consider the inu^on of subset 5*s (KRAS COMM. 
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process is repeated for subset 50's remaining two rows in the interpretation table. Further, this 
process is repeated for each row in the results-table. 

The result of the interpretation phase is a series of textual messages that describe the 
results of the assay. Conclusion of the interpretation phase marks the end of the assay. 

Operational Considerations 

Assay definition, discriminant function definition, and interpretation tables are created at 
the time an assay beadset is created. Baseline classification data is collected only once for a 
given assay. That is, once an assay is defined and its baseline data is obtained, any number of 
headsets can be manufactured to perform the analysis. To allow this "sharing" of baseline data 
the assay beadset may (Contain a center or calibration bead subset 

As would be known to those of ordinary skill in the field, a calibration beadset can be 
used to adjust any given flow cytometer to a standard. Calibration headsets are typically 
processed separately from an assay. Further, calibration is generally performed daily. The 
purpose of calibration is to adjust the sensitivity of a flow cytometer's photomultipliers to 
accommodate day to day and machine to machine differences. 

Unlike prior art calibration techniques which are performed manually, the processing of 
a calibration beadset and the adjustment of flow cytometer operational parameters (e.g., 
photomultiplier voltages) is performed under software control automatically. See microfiche 
appendix A for embodiment details. 

Antibody Detection 

Assays for antibody are widely used in medicine and clinical analysis for an wide variety 
of purposes, from detection of infections to determination of autoantibody. The following 
example illustrates use of the inventive method in an antibody assay and assumes the use of a 
flow cytometer capable of providing at least five measurements for each bead processed: 
forward light scatter as classification parameter C h side light scatter as classification parameter 
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C 2 , red fluorescence as classification parameter C Jt orange fluorescence as classification 
parameter C„ and green fluorescence as measurement parameter F ml . 

In one method a number of bead subsets, e.g., subsets 1 through 10 (identified as sSl- 
, sSlO), are prepared, for example, by using a cell sorter to sort a heterogeneous population to 
collect a homogeneous subset or alternatively, by preparing the beads using tightly controlled 
specifications to ensure production of a homogeneous subset. Each subset is distinguishable by 
its characteristic pattern of classification parameters C„ C> C> and C 4 . The beads in each 
subset are then labeled with a different antigen such as AgA, AgB, etc. so as to create a 
,o collection of labeled subsets as follows: sSl-AgA, sS2-AgB, sS3-A g C, sS4-AgD, sSS-AgE, 
sS6-AgF, sS7-AgQ, sS^-AgH. sS9-AgI, and sSlO-AgJ. 

Antigens AgA through AgJ may be attached to the beads by any of a number of 
conventional procedures such as by chemical or physical absorption as described by Colvin et 

„ al., "The Covalent Binding of Enzymes and Immunoglobulins to Hydrophilic Microspheres" in 
Microspheres: Medical and Biological Applications. 1-13, CRC, Boca Raton, FL. 1988; 
Cantarero et al., "The Adsorptive Characteristics of Proteins for Polystyrene and Then- 
Significance in Solid-Phase Immunoassays." Anal. Biochem., 105, 375-382 (1980); and Ilium et 
al.. "Attachment of Monoclonal Antibodies to Microspheres," Methods in Enzymol., 112, 67-84 

M (1985). 

After, attachment of antigen to the beads' surface, aliquots from each subset are mixed to 
create a pooled or assay headset, containing known amounts of beads within each subset. 
Preferably, the pooled set is prepared with equal volumes of beads from each subset, so that the 
25 set contains about the same number of beads from each subset. 

The assay headset may then be incubated with a fluid sample of interest, such as serum 
or plasma, to test for the presence of antibodies in the fluid that are reactive with antigens on the 
beads. Such incubation will generally be performed under conditions of temperature, pH, .omc 
30 concentrations, and the like that facilitate specific reaction of antibodies in the fluid sample wuh 
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antigen on the; bead surface. After a period for binding of antibody, the beads in the mixture are 
centrifuged, v/ashed and mcttbatech(ugani under controlled conditions) for another period of time 
with a "secondary" antibody such as, for example, fluorescein labeled goat anti human 
immunoglobulin. The secondary antibody will bind to and fluorescently label antibodies bound 
to antigen on the beads. Again after washing (or without washing), the beads are processed by 
the flow cytometer and the four classification parameters forward light scatter , side light scatter, 
red fluorescence, and orange fluorescence are measured and used to identify the subset to which 
each bead in the assay beadset belongs. A simultaneous measurement of green fluorescence 
(measurement parameter) for each bead allows one to determine whether the bead has antibody 
bound to it. Because the subset to which a bead belongs is correlated with the presence of a 
particular antigen, e.g., sSl-AgA, one may readily determine the specificity of the antibody 
bound to a bead as a fiinction of the subset to which it belongs. 

Experimental Example 

Three different antigen-antibody pairs were used in a multiplex experiment 
demonstrating the ability to detect the presence or absence of several antibodies in a single 
sample. Antigens were coupled to latex microspheres vi4 carbodiimide coupling, and the 
corresponding antibodies were fluorescently labeled with fluorescein isothiocyanate (green 
fluorescence - F m ). Each antigen was coupled to a unique microsphere. Baseline data for the 
fluorescent antibodies and antigen-microsphere complexes used in this experiment are shown in 
Figure 13a. Baseline data for the three bead subsets of Figure 13a are given in Figure 13b. 

The absence of fluorescence (C 2 and C 3 ) immediately discriminates the clear beads 
(subset 50) from beads in the other two subsets. Subsets 45 and 50 were further discriminated 
by side light scatter (C,) and red fluorescence (Cj). Linear discriminant functions based on 
these observations and created as described in Section 6.2(c); are shown in Figure 13c. 
Accepting only clear beads with side light scatter (C,) within ± 0.25 standard deviations of the 
mean, doublets (two beads stuck together) were eliminated from the analyses. The remaining 
beads were classified by red fluorescence (C 3 ) at a midpoint of 59.6. A decision tree based on 
the discriminant function table (Figure 13c) is shown in Figure 14. 
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In this experiment, each of four samples (e.g., blood serum from four patients) contained 
ail three arttigen-microsphere complexes and either 1 or 2 different fluorescent antibodies in 
PBS buffer. After addition of the antibodies, the reactions were incubated at room temperature 

, for 45 minutes, and then analyzed on the "FACSCAN" using side light scatter (Q, orange 
fluorescence (Q, and red fluorescence (Q> as classification parameters. Green fluorescence 
was used as the measurement parameter (FJ; an increase in green fluorescence by 30-fold 
indicates a specific interaction between an antigen and its corresponding fluorescmated 
antibody. In other words, if a subset's mean measured F m value is greater than 30-fold times that 

,o subset's baseline F m value, then the target analyte is determined to be present These 
"interpretive" observat ions are embodied in the interpretation table shown in Figure 13d. 

Once the assay database was built, it was tested by running 5,000 beads from each bead 
subset individually trough the system. After rejecting 23.8% of the beads as doublets, the 
, 5 remaining crimson beads (subset 18) were classified with 99.88% accuracy. Dark red beads 
(subset 45) were classified with 99.96% accuracy with 22.9% rejected as doutiets. Clear beads 
(subset50)wereclassifiedwith 100% accuracy with 9.4% of the beads rejected as doublets. 

The three bead subsets were pooled to form an assay beadset and divided into 4 sample 
J0 tubes and processed by the system shown in Figure 1. The contents of each sample and the 
mean measured fluorescence (FJ for each bead subset are listed in Figure 13e. Tne inventrve 
method correctly identified the antibody or antibodies present in each sample. 

An F*nerimenta1 Refinement 

in an alternative embodiment using a C 4 (e.g., orange fluorescence) labeled reactant as a 
classification parameter, a variety (for example five) of protein antigens are employed. Bead 
subsets are first generated based on differences in one or more of C„ C» and C 3 . Next, a 
selected antigen labeled with Cy3NHS (an orange fluorophore) is bound to the beads m each 
subset. To minimize the measured orange fluorescence coefficient of variation for each bead 
,o subset, the beads are sorted with a high speed cell sorter so that only a narrow range of anugen 
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(orange fluorophore) is found on each bead within a subset. Care should be taken to select or 
prepare- the beadsetsathat different C 4 values are measured/obtained for each of the (e.g., five) 
different antigens used In other words, the measured intensity of C 4 for AgA should differ from 
the measured intensity of C 4 from AgB, etc. To ensure that uniformity is achieved, saturation 
s binding with fluoresceinated monoclonal antibody is tested - each bead ought to have restricted 
ranges of both orange and green fluorescence. While the construction of headsets by this 
method is more laborious, the increase in measurement precision may be useful and will allow 
the sampling of fewer beads to arrive at a suitable determination of antibody concentration. 

10 The assays previously mentioned measure any antibody with specificity for antigen upon 

an appropriately labeled bead. The antigen can be quite simple or rather complex and thus, the 
inventive methods can measure a highly restricted antibody or a broad array of antibodies. For 
example, a hexapeptide just large enough to bind to a monoclonal antibody can be employed as 
antigen or a large protein with many epitopes can be used. One of ordinary skill will recognize 

is that the level of antibody eventually found associated with the bead (F w/ ) is a function of the 
number of epitopes per bead, the concentration of epitopes, the amount of antibody and the 
affinity of the antibody and the valence of the antibody-antigen interaction. 

Displacement Assays 

20 Assays for many substances in a clinical laboratory are based on the interference with 

specific ligand-ligate or antigen-antibody interactions. In these assays, one member of the 
ligand-ligate pair is labeled with the F m fluorophore and one member is immobilized on the 
beads. Soluble, unlabeled material (analyte) .which may be ligand or ligate, is added to the 
reaction mixture to competitively inhibit interaction of the labeled component with the 

25 immobilized component. It is usually not important which member of the pair is labeled and 
which is immobilized; however, in certain assays, functional advantages may dictate the 
orientation of the assay. 

In an exemplary assay of this type, each bead subset is modified with an antigen. The 
30 antigen-coated beads are then reacted with an F m labeled antibody specific for the antigen on the 
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Simultaneous competitive inhibition assay of human immunoglobulins G. A and M levels in 
serum 

This example illustrates the determination of multiple analyte levels in a liquid sample 
simultaneously using competitive inhibition analysis. The use of a competitive inhibition assay 
to accurately determine analyte levels in liquid solutions is a commonly used format for many 
analyte assays. The uniqueness of this assay is the simultaneous determination of three distinct 
serum proteins at the same time in the same tube from one serum sample. 

Immunoglobulins G, A and M are three distinct serum proteins whose levels are 
determined by a number of genetic and environmental factors in human serum. As changes to 
these levels may indicate the presence of disease, clinicians often request assay determinations 
of IgQ, A and M using conventional techniques. The most common technique is nephelometry 
that depends upon the absorption of light by precipitates formed between these 
immunoglobulins and antibodies made in animals to the human immunoglobulins. As these 
immunoglobulins are present in human scrum at fairly high levels, this type of assay is 
sufficient. Nephelometry however suffers from a number of limitations including the need for 
large quantities of reagents, long reaction times for precipitation to equilibrate and an inability to 
perform more than one reaction per tube or sample. 

Three competitive inhibition assays are described, one for human IgG, one for human 
IgM and one for human IgA using three Differentially Fluorescent Microspheres (DFM). Each 
assay consists of a DFM coated with the immunoglobulin of choice and a polyclonal, goat and. 
human Ig hAeled with a green fluorescent molecule (Bodipy). In the absence of inhibitor, the 
Bodipy -antibody causes the immunoglobulin (Ig) coated microsphere to emit green 
fluorescence (FJ. In the presence of inhibitor (soluble Ig), die green signal is reduced. Each 
assay is balanced to reflect a sensitivity range near the physiological level of the Ig in question at 
a 1:500 dilution of human serum. Once balanced, the three assays were combined into a 
multiple analyte format and assayed simultaneously using flow cytometry. 
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mixture incubated at ambient temperature for 30 minutes. The mixture was diluted to 300 uL in 
PBSTB and assayed by flow cytometry. For IgG, the Bodipy-labeled goat anti-hlgG was used 
at 30 ug/mL. For IgA, the Bodipy-labeled goat anti-hlgA was used at 8 ug/mL. For IgM, the 
Bodipy-labeled goat anti-hlgM was used at 2.5 ug/mL. 

Cross reactivity assay: Equivalent amounts of each of the four protein loaded microspheres were 
mixed to produce a bead mixture. 10 uL of the bead mixture (7,500 microspheres) was mixed 
with 10 uL of diluted serum calibrators of known Ig level. The assay was initiated by addition 
of 10 uL of one of the Bodipy-labeled antibodies "spiked" with a small quantity of soluble Ig 
antigen to alleviate the "hook effect". The mixtures were incubated for 30 minutes, diluted to 
300 uL in PBSTB and assayed by flow cytometry. As before for the single analyte assay, the 
Bodipy-labeled goat anti-hlgG was used at 30 ug/mL. For IgA, the Bodipy-labeled goat anti- 
hlgA was used at 8 ug/mL. For IgM, the Bodipy-labeled goat anti-hlgM was used at 2.5 
ug/mL. The quantities of antigen "spikes" were 1.6 ug/mL for IgG, 0.6 ug/mL for IgA and 0.4 
ug/mL for IgM. 

Multinte anatvte assay: Equivalent amounts of each of the four protein loaded microspheres 
were mixed to produce a bead mixture. 10 uL of the bead mixture (7,500 microspheres) was 
mixed with 1 0 uL of diluted serum calibrators of known Ig level as well as three other calibrator 
sera of known Ig level to serve for this purpose as unknowns. The assay was initiated by 
addition of 10 uL of a mixture of the three Bodipy-labeled antibodies "spiked" with a small 
quantity of the three soluble Ig antigen- to alleviate the "hook effect". The mixtures were 
incubated for 30 minutes, diluted to 300 uL in PBSTB and assayed by flow cytometry. As 
before, the Bodipy-labeled goat anti-hlgG was used at 30 ug/mL. For IgA, the Bodipy-labeled 
goat anti-hlgA was used at 8 ug/mL. For IgM, the Bodipy-labeled goat anti-hlgM was used at 
2.5 ug/mL. The quantities of antigen "spikes" were 1.6 ug/mL for IgG, 0.6 ug/mL for IgA and 
0.4 ug/mL for IgM. 
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Results 

T^l^vte assay: Results of the single analyte inhibition analysis for IgG level is shown 
in TaMe 1 and Figure ISA. This assay was designed to be most sensitive to inhibiuon » the 
anticipated range of IgG in human serum at a 1:500 dilution. In Figure ISA, the area of the 
, inhibition curve between the dotted lines, left and right, cover the range of sensitivity. In Uus 
case, the inhibitor was known amounts of human IgG from a serum calibrator diluted mto 
human serum containing no IgG, IgA or IgM. Dilutions of the calibrator were then duuted 
1 -500 in PBSTB and included as inhibitor in the assay. The Bodipy-labeled anti-hlgG was used 
at 30 ug/mL in PBSTB. 7,500 microspheres were used in this experiment and 250 were counted 
,o by flow cytometry. Note that as the amount of soluble IgG increased, the degree of inhibition as 
monitored by the Iff of F m increased proportionally until saturation of the system was 
achieved. On the other end of the inhibition curve note that the lower levels of soluble inhibrtor 
caused an elevation in the MIF of F m as compared with the negative control (human serum w>th 
no Ig). This "hook effect" is common in immunoassay and can be adjusted up or down the 
„ inhibition curve by adjusting both the amount of antibody and antigen in the soluble port.on of 
the assay. The "hook effect" was most prominent in the IgG assay due to the higher 
concentrations of both antigen and antibody per microsphere. This was necessary as IgG ts 
found in serum at higher concentrations than IgA or IgM. 

20 la^-Iv* assav: Results of single analyte inhibition analysis for IgA level 0 shown in 
Table 1 and Figure 15B. This assay was designed to be most sensitive to mhibmon .» the 
anticipated range of IgA in human serum at a 1:500 dilution. In Figure 15B. the area of the 
inhibition curve between the dotted lines, left and right, cover the range of sensitivity. In tins 
case the inhibitor was known amounts of human IgA from a serum calibrator diluted mto 
* human serum containing no IgG, IgA or IgM. Dilutions of the calibrator were then duuted 
1-500 in PBSTB and included as inhibitor in the assay. The Bodipy-labeled anti-hlgA was used 
at 8 ug/mL in PBSTB. 7,500 microspheres were used in this experiment and 250 were counted 
by flow cytometry. Note that as the amount of soluble IgA increased, the degree of Uutam as 
monitored by the MIF of F m increased proportionally until saturation of the system was 
n achieved. On the other end of the inhibition curve note that the lower levels of soluble iruubttor 
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TABLE 1: Single analyte inhibition assays 





IgG 


MIF of 




IgA 


MIF of 




IgM 


MIF of 


Tube* 


mg/dL 


Fm 




mg/dL 


Fm 




mg/dL 


Fm 


1 


0 


1445 




0 


1654 




0 


1765 


2 


0.026 


1500 




0.0040 


1645 




0.0024 


1794 


3 


0.11 


1460 




0.016 


1729 




0.010 


1929 


4 


0.42 


1512 




0.064 


1734 




0.038 


1921 


5 


1.7 


1426 




0.26 


1733 




0.15 


1815 


6 


6.8 


1619 




1.02 


1747 




0.61 


1829 


7 


27.1 


1684 




4.1 


1746 




2.4 


1833 


8 


108 , 
1 


1943 




16.4 


1788 




9.8 


1807 


9 


163 


1898 




24.6 


1813 




14.7 


1792 


10 


244 


1885 




36.9 


1806 




22.0 


1723 


11 


366 


1624 




55.3 


1703 




33.0 


1704 


12 


549 


1456 




83.0 


1391 




49.6 


1446 


13 


824 


998 




125 


971 




74.3 


1267 


14 


1235 


722 




187 


558 




112 


879 


15 


1853 


473 




280 


336 




167 


591 


16 


2779 


350 




420 


240 




251 


360 


17 


4169 


313 




630 


140 




376 


269 


18 


6253 


316 




945 


103 




564 


242 


19 


9380 


196 




1418 


75 




847 


136 


20 


14070 


165 




2127 


54 




1270 


102 
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TABLE 2: Cross-reactivity analysis in multiple analytc assay 
1) GAM Beads reacted with anti-IgG -Bodipy @ 30 >ig/mL + Ag spikes. 



1 uuc 


hu 1^0 

mc/tlL 


Bead 1- 
MIF 
HulgG 


hulgA 
mg/dL 


Bead 2- 
MIF 
HulgA 


hulgM 
mg/dL 


Bead 3- 

MIF 
HulgM 


Bead 4- 
MIF 
BSA 


1 
1 


o 


1868 


0 


4 


0 
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400 


1702 


60.5 
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36.1 
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561 


1463 


84.7 
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50.6 
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A 
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785 


1218 


119 
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70.8 


4 


5 


C 
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1009 


1 880 


166 
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992 
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674 


233 


3 


139 


3 


5 
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>, 549 


326 


2 


194 


3 


5 


8 


3015 


450 


456 


2 


272 


2 


5 


2) 


GAM Beads 


reacted with anti-lgA -Bodipy @ 8 ng/mL + Ag s 


spikes. 




11 


0 


3 


0 


1800 


0 


2 
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14SS 


36.1 
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561 
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84.7 


1225 


50.6 






14 
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930 


70.8 






15 


1099 
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605 


99.2 






16 
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392 
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2 
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278 


194 






18 


301S 
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456 


163 


272 
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3) GAM Beads reacted with anti-IgM -Bodipy @ 2.5 Kg/mL + Ag spikes. 



21 


0 


3 


0 
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0 


1536 
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22 


400 
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60.5 


9 


36.1 


1284 


2 


23 


561 


3 


84.7 
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50.6 
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24 


785 


3 


119 


2 


70.8 


1011 


2 


25 


1099 


2 


166 
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463 
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TABLE 3: Multiple analyte IgG inhibition data 



Tube# 



hlgG 
mg/dL 



MIF 
ofF/w 



Average 
MIF 



MIF 


Calculated 


% 


CV 


mg/dL 


Difference 



1 



1917 



1943 



1926 T 0.6% 



na 



na 



1918 



1811 



400.4 



1737 



1772 



1.7% 



399.3 



0.3% 



1767 



1408 



560.6 1 



1529 



1471 



3.4% 



S66.9 



■1.1% 



1476 



10 



1250 



11 



784.8 



1163 



1236 \ 4.4% 



775.3 



1.2% 



12 



1295 



13 



852 



14 



1099 



867 



862 



0.8% 



1102.5 I -0.3% 



15 



868 



16 



661 



17 



1538 



726 



691 



3.9% 



1556.1 I -1.2% 



18 



687 



19 



575 



20 



2154 



575 



580 



U% I 21263 



1.3% 



21 



589 



22 



461 



23 
"24" 



3015 



466 



468 



1.5% 



3025.1 I -03% 
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TABLE 4: Multiple analyte IgA inhibition data 



Tube* 



falgA 
mg/dL 



MIF 
otFm 



Average 
MIF 



MIF 
CV 



Calculated 
mg/dL 



% 

Difference 



1954 



1941 



1952 I °- 4% 



1960 



1661 



'60!5 I 1664 



1665 I °- 2% 



1669 



1222 



"«4.7 1 1391 



1307 5.3% 



1308 



10 



1055 



11 



12 



118.6 



974 
~U25 



lOSi T 5.9% 



13 



615 



14 



166.1 I 595 



606 



K4% | 166.1 



15 



607 



16 



376 



17 



232.5 I 426 



400 



5.1% I 232.6 



18 



399 



19 



283 



20 



3253 I 280 



287 



L9% 325.4 



21 



299 



22 



193 



23 
"24" 



455.7 | 198 



195 



1.2% I 455.7 
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"UNKNOWNS" 



25 




1569 




26 


65 


1483 


1504 


3.1% 


68.2 


-4.9% 


27 




1460 




28 




455 




29 


187 


457 


477 


6.1% 


197.2 


-5.5% 


30 




518 




31 




187 




32 


454 


199 


201 


5.9% 


445.4 


1.9% 


33 


1 


216 
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"UNKNOWNS" 



25 




1266 




26 


40 


1248 


1241 


1.9% 


42.8 


-7.0% 


27 




1209 




28 




608 




29 


113 


621 


635 


4.7% 


116 2 


-2.8% 


30 




677 




31 




289 




32 


268 


315 


306 


3.9% 


281.0 


-4.9% 


33 


I 


313 





Epitope Mapping of a Monoclonal Antibody using Flow Cytometry. 

This example demonstrates the screening of combinatorial chemistry products for a 
biologically active molecule. The generation of random chemical products for empirical 
discovery of biologically significant molecules is a method that holds great promise for progress 
in numerous disciplines of science including biology, pharmacology and medicine. One general 
problem with the technique is the screening of large numbers of unique molecules for a specific 
activity. Screening methods are required that provide high throughput levels of screening with 
adequate specificity and sensitivity for detection of the biological event in question. 

An experiment was designed to demonstrate the screening of peptides for the epitope of 
a monoclonal antibody, A monoclonal antibody (MAB 384) was chosen that was produced 
using the spleen cells of a mouse hyper-immunized with a defined peptide (amino acid 67*74) 
from the amino acid sequence of human myelin basic protein (MBP). Using the amino acid 
sequence of this region of MBP, nine overlapping octapeptides were synthesized that covered 
the predicted epitope. To the carboxyl terminal end of each peptide, glycine-lysine-biotin 
residues were added. Nine Differentially Fluorescent Microspheres (DFM) were each coated 
with avidin and one unique peptide of the set was linked through the avidin-biotin interaction to 
one unique member of the bead set This resulted in a set of microspheres that contained nine 
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„ide eilher Sankiag or representing *» » OTodom ' 
members ^ ^ • ^ ^ ' dMKlei ^ MAB 384 

j by high levels of free biotin. 

Bodjpy ft-X (Metal* Probes. « a 280 nrn and 504 nro revealed 

^of***, of d* « a ^ of 3.3, and «, — 

inPB Scon»Wr*l»!¥- BSA " !,abilte - 

. , here , NiM «r^ydy^DM(5.S^B W L^«»te 
Avja^jaOSSS!^^ ,» to . (Eugene, OR)) «ere conjugated «P m "*' 

..^1"^^^^ men* me*. 

C^^U-)^^^ vaKdteMlrioottsi » a -vo,u m « rf 
(8 .4 mita ^spheres) of ,„ ^ ^ p^phae buffer. oH 7... 

Ttomicrospr^v^v^.^'" ^ suspended i. 50 ul 

„ gforMse^toba^™"^* „„ ^^.temiero^v^ 

„„ 0.25 mg/mL .*** of K— *■ "'. P ! S - P 02%Tiran jo In PBS, pH 7.4 and ir.uta.ed 
^bvadd B c«.f50uLof0. 2 M.ly«* _ ^ with 100 uL 

— - — h — -) - — — « 

0.02% Tween 20, 1 mg/mL BSA hem0C ytometer count 

■ heres . Each of the nine DFM conjugated to Neutravidin were 
peedd^fiinejj^^ ( . 10 uL of biotinylated peptides at 

100 - 200 ng/mL was mixed witn i« ^ 
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, • a "tut the Dublished amino acid sequence (Roth, H.J., et al., J. Neurosci. Res., 
was added a glycine (G)-lysine (K>bioun. 



1 



GLCNMYKDGK-biotin 



2 MYKDSHHPGK-biotin 



3 

4 

5 

6 

7 

S 

9 



SHHPARTAGK-biotin 

ARTAHYGSGK-biotin 

HYGSLPQKGK-biotin 

LPQKSHGRGK-biotin 
1 SHGRTQDEGK-bioiin 

TQDENPWGK-biotin 
», NPVVHFFKGK-biotin 



, • Barh nf the nine DFM coated with Neutravidin was reacted 

^ f ,u,nine biotinylated peptides diluted to 250 ng/mL in PBS. For 

for 5 minutes with one of the mne motinyiareu ^ 

/x*rr% „f tf*. oreen fluorescence channel (FJ is snown ror fP 
of Fluorescence (MIF) of the green uuorc 

*u 21 The darkest bars represents single analyte analysis 

the darker set of bars in Figures. i«.uai 

bead in the absence of peptide as a negative control. 

i.» >mtf of F } are also shown in Figure 21. Both assays mm 
pe pide««sb»«n».n e8 «.».«»>«"- , ot JLu™-s^ acids sh.««l 

. Mb T>« - ^ Pn, ™ ,ed ' 

data is shown in Table 6. 
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Competitive inhibition using soluble epitope peptide: To further demonstrate the specificity of 
the assay, soluble peptide containing the epitope (#5) was used to inhibit the reaction shown in 
Figure 21. A 10 pL aliquot of the Bodipy-labeled MAB 384 was mixed with an equal volume 
of the epitope containing peptide (HYGSLPQK) at 10 pg/mL. After 1 hour the mixture was 
reacted with 10 pL of the bead mixture for 1 hour and assayed by flow cytometry. Results 
shown in Figure 22 reveal that the reaction was significantly inhibited to a M1F of F m of 53. 
Numerical data for the inhibition assay is shown in Table 7. 

Effects of freebiotin: The high avidity of the biotin-avidin interaction makes it unlikely that the 
various peptides could be released or exchanged from microsphere to microsphere, To 
demonstrate that such a release or exchange does not occur under strenuous conditions the 
following experiment was performed. A 10 pL aliquot of free biotin at 10 pg/mL (40 pM) was 
incubated with 10 pL of the bead-peptide mixture for 1 hour and then the microspheres reacted 
with the MAB 384 Bfcdipy at 15.5 pg/mL for 1 hour and assayed by flow cytometry. Results 
shown in Figure 23 indicate that the free biotin at 10 pg/mL did not displace significant 
amounts of the biotinylated epitope peptide. Numerical data for the inhibition assay is shown in 
Table 8. 

This epitope mapping example demonstrates the useful application of the instant 
invention to the area of combinatorial screening. The peptide carrying the epitope for the mouse 
monoclonal antibody screened in this example was clearly identified in a set of nine peptides. 
The identification was further shown to be specific by competitive inhibition with soluble 
epitope peptide. In addition, the stability of the avidin-biotin interaction for use with flow 
cytometry was demonstrated in an excess of free biotin. 
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TABLE 6 

MIF of Fm 



70750 


Peptide 
plus GL-Biotin 
""CiLCNMYKU 


Assayed 
Single 
72 


Single 
no peptide 
66 


Assayed 
Multiple 
28 


Multiple 
no peptide 


28 


60/70 


MYKDSHHF 


57 
47 


48 
43 


36 
36 


36 
34 


40/70 
40/50 


SHHPARTA 
"ARTAHYGS ] 


57 


47 


35 


27 


70/70 


HYGSLPQK. 


1381 


66 


1348 




40/40 


LPQKSHGK. 


43 


44 


67 


25 


40/60 


SHGRCTQDt 


42 


54 


35 


26 

"" 23 


70/60 


TQDENPVV 


73 


70 


32 




70/40 


NPVVHFFK. 


60 


60 


29 


21 



TABLE 7 



Peptide 
plus GL-Biotin 


Assayed 
w/free Biotin 


GLCNMYKD 


4 


MYKDSHHP 


7 


SHHPARTA 


12 


ARTAHYGS 


13 


HYGSLPQK 


53 


LPQKSHGR 


15 


SHGRTQDE 


11 


TQDENPVV 


9 


NPWHFFK 


17 
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Bead 


Peptide 
plus GL-Biotin 


MIF 
Multiple 


MIF 
w/ Biotin 


70/50 


GLCNMYKD 


13 


17 


60/70 


MYKDSHHP 


17 


19 


40/70 


SHHPARTA 


20 


22 


40/50 


ARTAHYGS 


20 


26 


70/70 


HYGSLPQK 


915 


1023 


40/40 


LPQKSHGR 


32 


20 


40/60 


SHGRTQDE 


19 


23 


70/60 


TQjDENPVV 


31 


34- 


70/40 


NPVVHFFK 


31 


36 



Multiple Analyte Simultaneous ToRCH Assay for Seroconversion. 

This example demonstrates the utility of this invention in the screening of human serum 
for antibodies to infectious disease agents. Screening of serum for antibodies to certain 
infectious disease agents is often the only method available to determine if a patient has been* or 
is infected with the agent in question. For example, a common method of diagnosing HIV 
infection is by detection of HIV specific antibodies in the serum. This phenomenon known as 
seroconversion is commonly employed for diagnosis of several important pathogenic infections. 
One of the most commonly employed assay panels of this type is the ToRCH panel. ToRCH 
assays detect both serum IgG and serum IgM responses to Toxoplasma gondii, Rubella virus, 
Cytomegalovirus, and Herpes Simplex Virus Types 1 and 2. The importance of this assay 
especially to the pregnant woman has been well documented as any one of these infectious 
agents is capable of crossing the placental barrier and entering the immunologically naive fetus. 
These infectious agents can cause severe damage to the fetus and must be avoided. Currently , 
all ToRCH panel assays for antibodies specific to each of these pathogens is performed 
separately in a unique assay tube or microliter well. This invention provides for a multiple 
analyte format that allows assay for either IgG or IgM antibodies specific for each of the five 
pathogens at the same time in the same tube with the same sample. 
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A ToRCH assay using flow cytometry has been developed by coupling purified antigens 
of T. gondii. Rubella, CMV and HSV Type 1 and Type 2 to five Differentially Fluorescent 
Microspheres (DFM). The specificity of the assay has been demonstrated by treating this bead 
set with human serum calibrators certified to be either positive or negative for all five agents. 
5 After this treatment, the bead set was treated with either Goat anti-human IgG-Bodipy or Goat 
anti-human IgM-Bodipy used to develop the assay. In addition, a third calibrator with known 
levels of reactivity to each agent was assayed and the results reported. 

Antibody labeling: Goat anti-human IgO and goat anti-human IgM (Cappel Division. Organon 
■o Teknika, Durham, NG) were labeled with Bodipy FL-CASE (Molecular Probes, Inc., Eugene, 
OR) using methods described by the manufacturer of the Bodipy succinymidyl ester. Bodipy 
labeled antibodies were stored in PBS containing 1 mg/mL BSA as stabilizer. 

^^L.Anriw Five DFM (5.5 uM carboxylase, Bangs Laboratories, Inc., 
.. Carmel, IN, dyed by Emerald Diagnostics, Inc., Eugene, OR) were conjugated separately to the 
five TORCH antigens (Viral Antigens, Inc.) with a two-step EDC coupling method (Pierce 
Chemicals, Rockford, IL) using sulfo-NHS to stabilize the amino-reactive intermediate. All 
antigens were dialyzed into PBS to remove any reactive amino groups such as sodium azide or 
glycine. The T. gondii preparation (Chemicon, Inc., Temecula, CA) was sonicated for 2 minutes 
20 in PBS, 10 mM EDTA to lyse the tachyzoites. 20 uL (8.4 million microspheres) of each bead 
type was activated for 20 minutes in a total volume of 100 uL containing 500 ug of EDC and 
Sulfo-NHS in 50 mM sodium phosphate buffer, P H 7.0. Microspheres were washed twice with 
200 uL PBS, P H 7.4 using centrifugation at 13,400 x g for 30 seconds to harvest the 
microspheres Activated and washed beads were suspended in 100 uL of antigen at 0.05 to 0.15 
2s mg/mL in PBS, pH 7.4. After 2 hours, the microspheres were blocked by addition of 100 uL of 
0.2 M glycine, 0.02% Tween 20 in PBS, P H 7.4 and incubated for an additional 30 minutes. 
Antigen coated microspheres were washed twice with 200 uL 0.02% Tween 20, 1 mg/mL BSA 
in PBS, pH 7.4 (PBSTB). and stored in PBSTB at approximately 3,000,000 microspheres/mL as 
determined by hemacytometer count. 



30 
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Rubella assay: Rubella antigen loaded microspheres were used to examine several parameters of 
the-assay in a~ single analyte format prior to the performance of multiple analyte assays. 10 uL 
(30,000 microspheres) of Rubella antigen coated beads were reacted with 10 jiL of a 1:10 
dilution of four different Rubella calibrator sera (Consolidated Technologies, Inc., Oak Brook, 
IL) and the mhcture incubated for 1 hour. These sera were defined using a standard assay for 
the anti-Rubella IgG activity by the manufacturer of the calibrators. The units, were defined as 
International Units/ mL or IU/mL. Beads were washed in PBSTB by centrifugation at 13,400 x 
g for 30 seconds and suspended in 40 |iL of a 10 jig/mL solution of Bodipy- labeled anti-human 
IgG. This mixture was incubated for 1 hour, diluted to 300 uL in PBSTB and assayed using 
flow cytometry. Negative controls included the microspheres with no serum treated with the 
Bodipy-labeled antibodies. In addition one calibrator serum containing 70 IU/mL of anti- 
Rubella IgG activity was titrated in a single analyte assay. 

Multiple analvte assay* for IgG and IeM activities: Equivalent amounts of each of the 5 antigen 
loaded microspheres was mixed to produce a ToRCH bead mixture. 10 uL (30,000 
microspheres) of the mixture was reacted with 10 uJL of a 1 :400 dilution of ToRCH control or 
calibrator sera and incubated for 1 hour. The positive and negative ToRCH control sera did not 
have defined units of activity. The ToRCH calibrator, however, did have defined levels of anti- 
ToRCH IgG activities as defined by INX and DiaMedix diagnostic instruments. These values 
were provided by the manufacturer for the lot of calibrator purchased. Beads were washed in 
PBSTB by centrifugation at 13,400 x g for 30 seconds and suspended in 20 uL of a 40 ug/mL 
solution of Bodipy-labeled anti-human IgG or IgM. This mixture was incubated for 1 hour, 
diluted to 300 ul in PBSTB and assayed using flow cytometry. Negative controls included the 
microspheres with no serum treatment and the microspheres treated with the ToRCH negative 
control serum. Both negative controls were developed with the Bodipy-labeled antibodies. 

Results 



Rubella assay: Rubella coated DFM were reacted with 4 human serum calibrators containing 
known levels of IgG antibodies specific for Rubella virions defined by International units 
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(IU/mL). The beads were washed and developed with goat anti-human IgG-Bodipy. Results are 
shown in Table 9 and Figure 24. Increasing units of anti-Rubella activity were reflected in the 
Mean Intensity of Fluorescence (MIF) of F a (green channel). Luminex Units (LU) were defined 
as the MIF of F m for each data point minus the MIF of F m for the negative control (no serum) 
s multiplied by 0.1, and are included in Table 9. 

p,. ^, ,,nwnr titration: The human serum calibrator containing 70 IU/mL of anti-Rubella 
IgG was serially diluted in PBSTB and assayed with the Rubella coated microspheres and 
Bodipy-labeled anti-human IgG. Results shown in Table 10 and Figure 25 show that, as 
,o expected, the IgG antibodies specific for Rubella were titrated with dilution. 

M„„ i f ., ana 1vt e TnRC IT -rTf ■ f "T *» A lgM: Each of me fivc distinCt DFM 

with ToRCH antigens plus one DFM coated with human serum albumin (Miles, Inc., West 
Haven, CI) were mixed in equal volumes and 10 uL (30,000 microspheres) of the mixture 
u reacted for 1 hour with triplicate, 20 uL aliquots of a 1 :400 dilution of the ToRCH controls as 
well as the Low ToRCH calibrator. The calibrator from Blackhawk Systems. Inc. contained 
known levels of each pathogen specific antibody as measured on other diagnostic machines. 
After washing, one set of triplicates was developed with Bodipy-labeled anti-human IgG and 
another set with Bodipy-labeled anti-human IgM. Numerical results are shown in Table, 11 
2 o and 12. Results are presented graphically in Figure, 26A and 26B. Included in the figures are 
standard deviation bars for the triplicate measurements. For both IgG and IgM measurements, 
the ToRCH negative control serum (A96601, tubes #1-3) produced MIF off. similar to the 
negative control with no serum (tubes #10-12). The ToRCH positive control serum (A96602, 
tubes #4-6) demonstrated significant IgG activity to all five pathogens. Conversely, the positive 
« control serum had only slight IgM based reactivity to the five pathogens. The known levels of 
anti-ToRCH IgG reactivities for the ToRCH Calibrator (A96500. tubes #7-9) were compared to 
the Luminex units of each IgG activity as determined by the multiple analyte analysis. Luminex 
units were defined by subtracting the negative control serum average MIF of F m from the 
average MIF of F m for each antigen and multiplying by 0.1. The levels of the ToRCH calibrator 
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were defined by the manufacturer as a factor of activity for each antigen above the limit of 
detection for that antigen on a specific diagnostic machine. These results are listed in Table 13. 

A demonstrative ToRCH assay has been developed to simultaneously assay for serum 
IgG or IgM specific for the five ToRCH pathogens in a single tube. Results of the assay indicate 
that it is specific for each pathogen and is as sensitive as currently available instrument based 
assays. The multiple analyte format provides a uniquely powerful technology for rapid and less 
expensive serum testing for seroconversion to ToRCH pathogens as well as other infectious 
agents diagnosed in this manner. 

TABLE 9: Anti-Rubella calibration curve 



Calibrator IU/mL 


MIF of Fm 


LU/mL 


360 


1419 


133 


225 


1004 


91 


70 


458 


37 


40 


376 


28 


0 


92 


0 
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TABLE 10: Anti-Rubella calibrator titration 



70 ILJ/mL Calibrator 
Reciprocal of Dilution 


MIF of Fm 


1 


4510 


4 


2554 


8 


1597 


16 


954 


32 


652 


64 


392 


12S 


209 


256 i 


121 


512 


99 


0 », 


59 
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TABLE 11: IgG ToRCH assay 



Tube* 


Calibrator 
(1:400) 


MlFoffmin Triplicate 


Toxo. 


Rubella 


CMV 


HSVI 


HSVI1 


USA 


1 


A9660I 


21 


9 


12 


16 


17 


22 


2 


A96601 


22 


8 


10 


17 


15 


26 


3 


A96601 


25 


9 


11 


14 


17 


22 


4 


A96602 


647 


1786 


956 


1223 


664 


78 


5 


A96602 


590 


1677 


967 


1511 


719 


81 


6 


A96602 


620 


1670 


922 


1348 


611 


72 


7 


A96500 


103 


38 


50 


128 


64 


27 


8 


A9650O 


95 


43 


48 


127 


58 


43 


9 


A96500 \ 


87 


41 


49 


127 


56 


29 


10 


No Serum 


21 


7 


15 


18 


13 


22 


11 


No Serum 


23 


8 


11 


15 


19 


19 


12 


>j 

No Serum 


21 


5 


12 


12 


16 


23 




















Calibrator 
(1:400) 


Average MIF of Fm 




Toxo. 


Rubella 


CMV 


HSVI 


HSVU 


HSA 




A96601 


23 


9 


11 


16 


16 


23 




A96602 


619 


1711 


948 


1361 


665 


77 




A96500 


95 


41 


49 


127 


59 


33 




No Serum 


22 


7 


13 


15 


16 


21 
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TABLE 13: Comparison of known levels of anti-ToRCH IgG for the ToRCH calibrator 



from Blackhawk BioSystems with Luminex Units 





T.gondii 


Rubella 


CMV 


HSV1 


HSV2 


Diagnostic Machine 
used 


INX 


INX 


INX 


Diamedix 


DiaMedix 


Factor above Limit 
of Detection 


1.7 x 


2.7 x 


1.7 x 


2.5 x 


1.1 X 


Units of Activity 


11.3IU/mL 


26.9IU/mL 


24.5 lU/mL 


50 EU/mL 


22 EU/mL 


Luminex Units/mL 


7.2 LU/mL 


3.2 LU/mL 


3.8 LU/mL 


11.1 LU/mL 


4 3 LU/mL 
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Simultaneous Assay of Dog Sera for Allergic IgE and Allergen-Specific IgG 

This example demonstrates the screening of serum for IgE antibodies specific for 
allergens. Screening of serum for IgE antibodies specific to allergens is a viable option for 
allergy testing as compared with skin sensitivity testing. The instant invention provides for a 
s format that can assay for either IgG or IgE responses to numerous allergens at the same time » 
the same tube with the same sample and is therefore a uniquely powerful method of screening. 

An allergy assay has been developed including 16 grass allergens in a multiple analyte, 
simultaneous format A panel of 16 grass allergens were attached to 16 Differentially 
,o Fluorescent Microspheres (DFM) with one grass allergen being coated onto one unique member 
of the bead set. The allergen bead set was treated with diluted dog serum for 1 hour and treated 
with a solution of either Goat anti-Dog IgE or goat anti-dog IgG-FITC for an additional hour. 
For the IgE assay, beads were washed clear of this antibody and the bead set treated with an 
affinity purified rabbit anti-goat IgG-FITC antibody as probe. 

Results demonstrate a uniquely powerful method of serum screening for allergies that 
provides a true multiple analyte format, as well as sensitivity and specificity. 

rM - rr ^.. r , inheres: Sixteen DFM (5.5 \xM carboxylate) were conjugated 

20 separately to 16 soluble grass allergens (provided by Dr. Bill Mandy, BioMedical Services, 
Austin, TX) with a two-step EDC coupling method (Pierce Chemicals, Rockford, IL) using 
sulfo-NHS to stabilize the amino-reactive intermediate. All grass allergens were d.luted 1:100 
into PBS pH 7 4. 20 uL (8.4 million microspheres) of each bead type was activated for 20 
minutes in a total volume of 100 uL containing 500 ng of EDC and Sulfo-NHS in 50 mM 
„ sodium phosphate buffer, pH 7.0. Microspheres were washed twice with 100 uL PBS. P H 7.4 
using centrifugation at 13,400 x g for 30 seconds to harvest the microspheres. Activated, 
washed beads were suspended in 50 uL of diluted allergen. After 2 hours, the microspheres 
were blocked by addition of 50 uL of 0.2 M glycine. 0.02% Tween 20 in PBS, pH 7.4 and 
incubated for an additional 30 minutes. Protein coated microspheres were washed tw>ce w,th 
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100 ^L 0.02% Tween 20, 1 mg/mL BSA in PBS, pH 7.4 (PBSTB). and stored in PBSTB at 
approximately 3,000,000 microspheres/mL as determined by hemacytometer count. 

Multiplexed K-9 grass allergen IeE assay: Equivalent amounts of each of the 16 grass allergen 
loaded microspheres was mixed to produce a bead mixture. 20 \ih (60,000 microspheres) of the 
mixture was reacted with 60 \iL of a 1:3 dilution of dog serum in PBSTB and the mixture 
incubated for 1 hour. Beads were washed in 200 jiL PBSTB by centrifugation at 13,400 x g for 
30 seconds and suspended in 40 jiL of a 50 ^ig/mL solution of anti-dog IgE (provided by Dr. 
Bill Mandy, BioMedical Services, Austin, TX). After incubation for I hour, beads were washed 
in 200 PBSTB by centrifugation at 13,400 x g for 30 seconds. Beads were then treated with 
40 fiL of rabbit anti-goat IgG-FITC (Sigma, St Louis, MO) at 20 ng/raL. After one hour the 
bead mixture was diluted to 300 \iL in PBSTB and assayed using flow cytometry. Negative 
controls included the microspheres with dog scrum, without the goat anti-dog IgE and with the 
rabbit anti-goat IgG J FITC. A negative control of the bead set with no dog serum was also 
included. Allergen specific dog IgE was determined by subtraction of the mean intensity of 
fluorescence (MIF) of the green channel (F m ) for the negative controls for each grass allergen 
from the MIF of F m for the tubes including the goat anti-dog IgE. 

Simultaneou s K-9 grass allergen IgG assay: Equivalent amounts of each of the 16 grass allergen 
loaded microspheres was mixed to produce a bead mixture. 20 \xL (8.4 million microspheres) of 
the mixture was reacted with 20 fiL of a 1 :10 dilution of dog serum in PBSTB and the mixture 
incubated for 1 hour. Beads were washed in 200 |iL PBSTB by centrifugation at 13,400 x g for 
30 seconds and suspended in 25 jiL of a SO pg/mL solution of goat anti-dog IgG-FITC. After 
one hour the bead mixture was diluted to 300 \xL in PBSTB and assayed using flow cytometry. 
Negative controls included the microspheres with no dog serum and with the goat anti-dog IgG- 
FITC. Allergen specific dog IgG was determined by subtraction of the mean intensity of 
fluorescence (MIF) of the green channel (FJ for the negative control for each grass allergen 
from the MIF of F m for the tubes including dog serum. 
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Results 



fm u ^^^ rn-"-^^ Grass ^ coated DFM were reacttd - 

with 6 dog sera provided by BioMedical Services, Austin, TX that had been characterized by 
ELISA for anti-grass allergen IgE. The IgG response to these grass allergens was not measured 

> by BioMedical Services. The beads were washed and developed with goat anti-dog IgG-FITC. 
Results are shown in Figure 27. The MIF off, in the absence of dog serum was subtracted 
from the MIF of F m for each bead with each dog serum. Two dogs. A96324 and A96326 
demonstrated relatively high IgG reactivity to most of the grass allergens. Two dogs. A96325 
and A96317 demonstrated relatively medium IgG reactivity to most of the grass allergens. Two 

,o dogs, A96319 and A96323 demonstrated relatively low IgG reactivity to most of the grass 
allergens. j 

with 6 dog seta provided by BioMedical Services. Austin, TX that had been characterized by 
ELISA for anti-grass allergen IgE. The beads were washed and treated with goat anti-dog IgE 
for 1 hour. The assay was developed with rabbit anti-goat IgG-FITC. Results are shown m 
Figure 28. The MIF of F m in the absence of dog serum was subtracted from the MIF of F m for 
each bead with each dog serum. Two dogs. A96325 and A96326 demonstrated relatively low 
reactivity to most of the grass allergens with the exception of Wheat grass and several others for 

jo A96326. T^n^^^^^^^^^^^^^ ^ 
was negative for 1 1 grass allergens (only ones tested) and A96326 was negative for the same 1 1 
grass allergens except for a "Borderline" result in ELISA against a mixture of Wheat and Quack 
grass (due to the non-multiplexed format of ELISA assays, allergens are often mixed to mcrease 
the throughput levels). The other four dog sera demonstrated medium to high IgE responses to 

J5 several of the grass allergen, Although agreement between ELISA aad flow cytometry assay 
results was not absolute, the two assays followed the same trends. Dogs with IgE reactivity to 
grass allergens were detected by both assays. 

^ T TYMf" '^.results: The IgG and IgE anti-grass allergen 

M responsetoeachoftheieallergenswascomparedby graphing. Figures 29-34 demonstrate that 
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there was no correlation between IgG and IgE response to grass allergens in the six dogs. Some 
dogs were low responders for both IgE and IgG, some were reactive with both immunoglobulin 
subclasses, and some demonstrated IgE reactivity in a low background of IgG specific for the 
grass allergens;. Examination of the IgG reactivity in a serum could identify those sera in which 
the IgE reactivity could be masked by the high IgG reactivity. 

A demonstrative assay for serum IgG or IgE activity to 16 grass allergens has been 
developed thai: allows simultaneous assay of all 16 allergens at the same time in the same tube 
using the same sample. Results with 6 dog sera suggested that IgE anti-grass allergen activity as 
determined by ELISA was in general agreement with results provided using flow cytometry. In 
addition, the ease of determination for IgG anti-grass allergen activity in the six dogs was 
demonstrated. ' 

A Simultaneous Iminunometric Assay For Human Chorionic Gonadotropin and Alpha- 
Fetoprotein 

This example illustrates the determination of multiple analyte levels in a liquid sample 
simultaneously by immunomctric or capture-sandwich assay. The use of capture-sandwich 
assays to accurately determine analyte levels in liquid solutions is a commonly used format for 
many analyte assays. The technique is especially useful for those analytcs present in low 
quantities as the first step serves to capture and thus concentrate the analyte. The uniqueness of 
this assay is the multiple analyte format allowing the simultaneous determination of two distinct 
serum proteins at the same time in the same tube from the same serum sample. 

Human chorionic gonadotropin (hCG), a gonadotropic hormone secreted by the placenta, 
is the primary hormonal marker utilized for pregnancy testing. hCG is elevated both in urine 
and serum during pregnancy. Alpha fetoprotein (AFP) is the fetal cell equivalent to human 
serum albumin. AFP is elevated in pregnancy and in certain types of malignancies. Many 
clinical fertility or pregnancy test panels include immunometric assays for these two serum 
proteins. Immunometric or capture-sandwich assays for hCG and AFP were developed 
separately and then combined in a multiple analyte format. 
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Tfc KCC OT - developed by —d*. — —* — ta *" *"* " 

Microsphere (DFM). NeXt J ' ^^^.^.bd***!*- 

used to probe DFM captured hormone, unce 

• o™« «» »p««d to ATP. Cross-re«ttV>tv of to two assays 

that both assays were sensitive in <auu / 
. demonstrateho.thctv.oassaysworksimulta-neously. 

L ^ affinity purified polyclonal anti-hCG (AB633) and anti-AFP 

* — ^ ;« PTl<s containing I mg/mL do a as suwumw- 
Bodipy-Ubeled antibodies were stored in PBS eoniami s 

Monoclonal and-nCO (MAB602) and anti-AFP 

(S ,04,„ ^. an»bodt« were «U ^ fc 

mMIO ed»te. 20uL<*.4mu> tf ^ to 50 ^ sodium phosphate 

rota, volume of IM rX ccn—8 500 » - » 

hufler, pH 7.0. Microspn-es were pushed mm «t 200 pL PB^pH 7 ^ 

„ suspended I, 50 p,. of .0.05 tr^/mL ^J^,,.,,*. 

vi ^ Kv addition of 50 itL of 0.5 mg/mL BSA, uam/o iww 
microspheres were blocked by addition p _ . pre . e washed 

PBSTB at approximately j,uuu,w«v 
]0 determined using a hemacytometer. 
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Antibody p airs analysis of hormone capture assav: Capture assay antibody pairs were screened 
by coupling potential capture antibodies to microspheres and assaying them using all potential 
combinations of capture antibody-bead/ Bodipy-labeled probe antibody. Assays were performed 
using 10 uL of capture antibody microspheres (approximately 30,000) plus 20 uL of antigen 
solution at 10 jig/mL in PBSTB for a 1 hour incubation. Beads were washed in PBSTB by 
centrifugation at 13,400 x g for 30 seconds and suspended in 20 uL of a 25 ug/mL solution of 
Bodipy-labeled probe antibody. This mixture was incubated for 1 hour, diluted to 300 uL in 
PBSTB and assayed using flow cytometry. 

Antigen titration assav: Once an antibody pair was chosen for use, the pair was analyzed for 
sensitivity and limit of detection by titration of antigen. Assays were performed using 10 uL of 
capture antibody microspheres plus 20 uL of antigen dilutions in PBSTB for a 1 hour 
incubation. Beads were washed in 200 uL PBSTB by centrifugation at 13,400 x g for 30 
seconds and suspended in 20 uL of a 25 ug/mL solution of Bodipy-labeled probe antibody. 
This mixture was incubated for 1 hour, diluted to 300 uL in PBSTB and assayed using flow 
cytometry. 

Cross-reacti vitv analysis: To examine the possibility of cross-reactivity, 10 ul of MAB 602 
anti-hCG capture beads (5,000 microspheres) were treated with 20 uL dilutions of hCG or AFP. 
After 1 hour the beads were washed in 200 uL PBSTB by centrifugation at 13,400 x g for 30 
seconds and suspended in 20 pL of either Bodipy-labeled anti-hCG or Bodipy-labeled anti-AFP 
at 25 ug/mL. Conversely, 10 uL of S-10473 anti-AFP capture beads (5,000 microspheres) were 
treated with 20 uL dilutions of hCG or AFP. After 1 hour, beads were washed in 200 uL 
PBSTB by centrifugation at 13,400 x g for 30 seconds and suspended in 20 uL of either Bodipy- 
labeled anti-hCG or Bodipy-labeled anti-AFP at 25 ug/mL. Mixtures were incubated for 1 hour, 
diluted to 300 uL in PBSTB and assayed using flow cytometry. 

Washed vs. no-wash assav format: An AFP/hCG capture antibody bead mixture was made by 
mixing equal amounts of the two bead types. In duplicate, 10 uL of this bead mixture (10,000 
microspheres) was mixed with 20 ul dilutions of AFP/ hCG and incubated for 1 hour. One set 
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of beads — — * 'BSTB b, .Mil - 13.400 x , for 30 seconds and suspended 
„ 20 uL of . mixture «f Bodipy-.ab.led anti-hCG and anti-AFP bo* . 25 ng/tnL. Th* 
ntixture was M for . hour. M » » » ^STB - assayed 
cy»o,«ry. The second set of beads w«e tretued direcdy with » * * • — 
labeled anti-hCG and and-AFP bo* a. 25 ugAnL. This mixture representing a homogenous <nc- 
^ ^, was also incubaed for 1 hour, dU»ted to 300 uL in PBSTB and assayed «, ftr. 



cytometry. 



H .., ti r ,. anfllvtB Once the AF? and hCG antibody pairs — shown no. to cr.GS.reac. 

. and were adjusted » F-* *** * hX °°* m " !T 

.stays were performed — * — 

source of AFP and bCO aruigens. Equivalent .mourns of each of the two capture anybody 
loaded microsphere, wa, mixed . pmduc, m AFP/hCG capmr. mixn™. In *M 1M. of 
On, beadmixune (5,000 of e*h microsptae) was mixed with 20 uL oftr™ e^ 

„ (high, medium and low) fining known level, of AFP and hCG and incubated fcr hour 

M a, 25 ug/mL. Mixtures *ere incubaed for . hour, diluted to 300 uL in PBSTB and 

assayed by flow cytometry. 



, , i r uf-m- —= F » tcG "** >* ^ "7,7°" 

snubody/nucrospheres were prep-* and the M *. — Bodmy-labeUd - 

se^asprobes. 11-.* — — 

to beta surnmit. The three •»«-*»» snb-nnit annbody/mierosphere. were assayed for uulny 
15 with the two Mfe**** anti-beu hCG antibodies. Conversely, the two an. -be* 

„ubody/micr«pheres were assayed for -ity wUb the three MHW -M* »» 

antibodies. — 

are shown with (odd numb**) and without (even nnntbets, bCO a. 20 ug/mL. * 
I. apparent ma. *e fcst two antibody pain. «. and « dem.nsua.ed the highest tnean « 
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ihe decision to chose the #3 pair of MAB 602 for capture antibody and AB633-Bodipy as probe 
antibody for the hCG capture/sandwich assay. 

Antigen titration: The MAB 602/AB633 anti-hCG capture system was assayed by hCG titration 
to determine if the level of sensitivity required for clinical assay was achievable. A limit of 
detection of at least I ng hCG/mL was the target as this was the level of hCG in the low serum 
calibrator to be used later in this project. The results of this antigen titration is shown in Table 
IS and Figure 36. The limit of detection was between 20 and 200 pg/mL. This revealed that 
the MAB602/AB633 anti-hCG antibody pair was sufficiently sensitive for hCG analysis. 
Included in this analysis was MIF of F m measurements from counting of 100 or 1000 
microspheres. Results were similar. A similar analysis of antibody pairs and antigen titration 
for AFP identified an /!fP pair that could be further developed. 

Cross-reactivitv assay* The MAB 602/AB633 anti-hCG capture system and S-10473/M20077 
anti- AFP capture system were examined Tor cross reactivity by assaying each capture bead with 
each antigen and Bodipy-labeled antibody. Results are shown in Table 16 and Figures 37A and 
37B. No significant cross-reactivity between the hCG and AFP capture systems was detected. 

No-wash vs. washed assay format: The hCG and AFP assays were performed simultaneously 
and examined for the limit of quantitation or dynamic range in both a washed format and no 
wash or homogenous format Result of these antigen titrations are shown in Table 17 and 
Figures 38A and 38B. Results indicated that the homogenous format provided sufficient 
dynamic range: for the purposes of clinical relevance. 

Multiple analvte hCG/AFP assay: The two assays were performed simultaneously using serum 
calibrators of lenown hCG and AFP levels to generate a standard curve. For each standard curve 
one serum of unknown hCG and AFP level was included to demonstrate how the assay would 
determine the level of hCG and AFP in the serum. 
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Tfc ^ Wove! «— ° f *" — "* 8 • T 

- , T T7Jq and AFP docurn^ in mU » U/mL «. hCG ^ AFP respect, 
„d ,o„ levels of nCG and AF ^ „ 

Di^csto Prod™* <U. Oft I I ^ ^ 

listed the units of each known anaiyw«» f , , rri the 

, „ nrr mU/mL and AFP U/mL for the three calibrators. In the case of the hCG, the 
average of the hCG mU/mL and Ar ^ ^ 

„ cor.idenngthed^mcetothelugh ,^„ top ^. b ^ 

^of^sh^^ 

level serum calibrator teimea ^evci j^. 

^L^e^of-.e^e^^by^po™.^ 

„ 

vnp of F eomputedfors^hins. Co.ffiae.Ks of vanatu».<CV) to 

" — ~"2Z1J«. of MAS 602 60,40 beads ,0 S- 

2 o 10473 containing 40/60 beads was rfF for that data point, 

numberofbeadscorrecd^^ 

-a and 39B graphically represent the data of Table 18. For both hCG and 

tk* fit for the hCG curve provided an K oi 1 .u an" ™ 

an R of 0.999V was asm unknown serum 

was cmpoed. M* of these andyses a. seen . Tab «... I» 

o^M 21US ±«» MM. ««»-*»*«■» ° f *»• 
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A demonstrative immunometric assay for hCG and AFP in serum has been developed. 
Assays-were first developed as single analyte or single bead assays, and optimized with regards 
to sensitivity, limit of quantitation and cross-reactivity. The assays were then combined to 
quantitatively determine multiple analyte levels in a liquid solution in the same tube from the 
same sample at the same time. Results, using commercially available calibrator sera, has proven 
that this invention is effective for this type of quantitative assay. 
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TABLE 15 



Sample 


hCG Cone. (ng/mL) 


MIF oiFm (1000 Beads) 


MIF'of Fm (1000 Beads) 


1 


20000 


9337 


9222 


2 


2000 


9286 


9392 


3 


200 


9233 


9400 


4 


20 


8497 


8664 


5 


2 


1286 


1382 


6 


02 


258 


254 


7 


0.02 


120 


147 


8 


0.002 


122 


121 


9 


o.qooz 


122 


149 


10 


0 


128 


111 
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MAB602 BEADS - 


Anti-hCG 




Samp. 


Antigen 

ng/mL 


hCG 
anti-hCG 


AFP 
anti-bCG 


hCG 
anti-AFP 


AFP 
anti-AFP 


1 


1000.0 


792 


53 


47 


52 


2 


100.0 


761 


47 


48 


48 


3 


10.0 


530 


47 


47 


48 


4 


1.0 


104 


47 


48 


48 


5 


0.1 


55 


52 


49 


48 


6 


0.0 


48 


71 


72 


48 



I 

TABLE 16B 



M20077 BEADS - 


Anti-AFP 




Samp. 


Antigen 

ng/mL 


hCG 
anti-hCG 


-AFP 
anti-hCG 


hCG 
anti-AFP 


At**' 
anti-AFP 


1 


1000.0 


99 


57 


78 


348 


2 


1 00.0 


54 


75 


44 


356 


3 


10.0 


44 


44 


45 


103 


4 


1.0 


51 


50 


44 


98 


5 


0.1 


42 


75 


49 


44 


6 


0.0 


43 


61 


45 


45 
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TABLE 17 





AFP 






hCG 




Sample 


AFP 


No Wash 


Washed 




hCG 


No Wash 


Washed 


No. 


ng/mL 








ng/mL 






1 


1000 


379 


1481 




2000 


491 


3194 


2 


500 


643 


1376 




1000 


770 


3158 


3 


250 


956 


1205 




500 


1198 


3342 


4 


125 


1063 


1052 




250 


1521 


2755 


5 


62 


980 


814 




125 


2068 


2949 


6 


31 


639 


612 




62 


2417 


3200 


7 


16 


, 359 


347 




31 


2514 


3183 


8 


8 


190 


205 




16 


2440 


2528 


9 


4 


94 

f... 


108 




8 


1761 


1955 


10 


2 


51 


59 




4 


1122 


1300 


11 


1 


33 


35 




2 


650 


547 


12 


0.5 


24 


25 




1 


330 


359 


13 


0.25 


17 


24 




0.5 


166 


175 


14 


0 


15 


13 




0 


15 


18 
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AFP capture system 
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Multiplexed Beadset Standard Curve Using an Inhibition Assay 

This example provides a demonstration of the measurement of ligand-ligate reactions 
using a multiplexed beadset standard curve. Commonly for ligand-ligate reactions quantitation, 
known amounts of the ligand or ligate are introduced to the reaction leading to the production of 
a standard curve. Values for unknown samples are compared to the standard curve and 
quantified. The true multiple assay capability of this invention allows for an additional type of 
standard to be utilized. A multiplexed beadset standard curve for measuring analyte 
concentration is created by using several Differentially Fluorescent Microspheres (DFM) coated 
with either 1) different amounts of ligand (antigen), or 2) different amounts of ligate (antibody), 
or 3) different ligates possessing different avidities for the ligand (different monoclonal 
antibodies). We have demonstrated an example of the first type of multiple analyte standard 
curve by developing a competitive inhibition assay for human IgG. 

Four DFM were coated with human IgG at four different concentrations. When probed 
with goat anti-human IgG-Bodipy the Mean Intensity of Fluorescence (MIF) of F m (green 
channel) for each bead subset was different. The MIF of F„ correlated with the amount of hlgG 
used to coat the beads in each subset If soluble hlgG was mixed with the reaction in a 
competitive manner the MIF of F m was reduced for each bead as less of the probe antibody was 
bound to the beads. In a normal standard curve, the signal (MIF of F m ) is plotted against the 
concentration of the inhibitor. For the multiplexed beadset standard curve, the slope of the MIF 
of F m across the beads within a subset is plotted against the concentration of inhibitor. 
Comparison of the two types of standard curves revealed them to be of equivalent value for 
prediction of an unknown amount of inhibitor. 

Human leG conjugation to microspheres: Four DFM (5.5 carboxylate, Bangs Laboratories, 
Inc., Carmel, IN, dyed by Emerald Diagnostics, Inc., Eugene, OR) were conjugated separately to 
4 different concentrations of hlgG (Cappel Division, Organon Teknika, Durham, NC) with a 
two-step EDC coupling method (Pierce Chemicals, Rockford, 1L) using sulfo-NHS to stabilize 
the amino-rcactive intermediate. 20 \xL (8.4 million microspheres) of each bead type was 
activated for 20 minutes in a total volume of 100 containing 500 jig of EDC and Sulfo-NHS 



WO 97/14028 



PCT/US96/16198 



-85- 

in 50 mM sodium phosphate buffer, P H 7.0. The microspheres were washed twice with 200 uL 
PBS P H 7 4 using centrifugation at 13,400 x g for 30 seconds to harvest the microsphere, 
Activated, washed beads were suspended in 50 uL of hlgG at 50, 10, 5, and 1 ug/mL in PBS, 
pH 7 4 After 2 hours, the microspheres were blocked by addition of 50 uL of <L2 M glycme, 
0 02% Tween 20 in PBS, pH 7.4 and incubated for an additional 30 minutes. Protein coated 
microspheres were washed twice with 200 uL 0.02% Tween 20, 1 mg/mL BSA in PBS, P H 7.4 
(PBSTB). and stored in PBSTB at approximately 3,000,000 microspheres/mL as deterrmned by 
hemacytometer count. 

. ^ihndv labeling: Goat anti-human IgG (Cappel Division, Organon Teknika, Durham, NC) was 
labeled with Bodipy EL-CASE (Molecular Probes. Inc., Eugene, OR) using methods descried 
by the manufacturer of the Bodipy succinymidyl ester. The resulting Bodipy-labeled anttbody 
was stored in PBS containing 1 mg/mL BSA as stabilizer. 

B r ^ r -~« ^ ^dard curv^ Equivalent amounts of each of the 4 differentially loaded 
IgG microspheres was mixed to produce a bead mixture. 10 uL of the goat anti-hlgG-Bodmy at 
25 ug/mL in PBSTB was mixed with 10 uL of a dilution of hlgG in PBSTB. Immediately 10 
uL (30,000 microspheres) of the bead mixture was added and th« mixture incubated at room 
temperature for 30 minutes. Beads were diluted to 300 uL in PBSTB and assayed using flow 
, cytometry. A negative control included the microspheres with the goat anti-hlgG-Bodipy wtth 
no inhibitor (hlgG). Each bead subset was assigned the value of a consecutive integer (.., the 
bead subset coupled with the lowest concentration of IgG was given a value of 1, the next 
highest concentration was given a value of 2, etcetera) and those numbers plotted agamstthe 
MIF of each bead subset at each concentration of inhibitor tested. The slopes (designated here 
M as inter-bead subset slopes) were computed using linear regression analysis. The mter-subset 
slopes were then plotted against the concentration of inhibitor using a logarithmic scale for the 
concentration of inhibitor. Results were plotted as the slope of the MIF of F m across the bead set 
against the log of hlgG concentration. Curve fitting was performed using a power funcuon 
trendline and the R 1 correlation was reported. For a perfect fit, R 2 =1.0. 



30 
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TABLE 19 



Samp 


Inhibitor 
Cone (ug/mL) 


Bead 1 
1.0 ug/mLlgG 


Bead 2 
5 jig/mL IgG 


lOug/mLIgG 


50 ug/mL IgG 


SLOPE 


1 


100 


14 


77 


108 


288 


85.3 


2 


50 


21 


100 


162 


42! 


128.3 


3 


25 


40 


166 1 


267 


844 


251.3 


4 


12,5 


no 


463 


747 


1467 


435.5 


5 


6.25 


257 


1226 


1629 


231(5 


658 


6 


0 


134 


793 


1432 


2217 


688.8 



Nucleic Acid Measureitcnt 

The power and sensitivity of PCR has prompted its application to a wide variety of 
, analytical problems in which detection of DNA or RNA sequences is required. One major 
difficulty with the PCR technique is the. cumbersome nature of the methods of measunng the 

reaction's products - amplified DNA- 

A major advance in this area is here. That advance employs a flow cytometric bead- 
,o based hybridization assay which permits the extremely rapid and accurate detection of genet* 
sequences of interest. In a preferred embodiment of that invention, a bead to which a nuclcc 
acid segment of interest has been coupled is provided. A PCR product of interest (or any other 
DNA or cDNA segment) is detected by virtue of its ability to competitively inhibit hybridation 
between the nucleic acid segment on the bead and a complementary fluorescent nucleic acd 

„ probe. The method is so sensitive and precise as to allow the detection of single point mutatums 
in the PCR product or nucleic acid of interest. Although that method in itself provides a pivotal 
advance in the art of analyzing PCR reaction products, the further discovery of methods of 
multiplexing such an analysis, compounds the method's power and versatility to allow 
simultaneously analysis of a number of nucleic acid products or a number of sequences wulun a 

20 single product in a single sample. 
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The multiplexed DNA analysis method described here can be applied to detect any PGR 
product or other DNA of interest for specific polymorphisms or mutations or for levels of 
expression, e.g. mRNA. With the multiplexed techniques provided by the instant invention, 
individuals can be screened for the presence of histocompatibility alleles associated with 
susceptibility to diseases, mutations associated with genetic diseases, autoimmune diseases, or 
mutations of oncogenes associated with neoplasia or risk of neoplasia. The analysis of DNA 
sequences occurs generally as follows: 

1. A beadset containing subsets of beads coupled to nucleic acid sequences of interest is 
prepared by coupling a unique synthetic or purified DNA sequence to the beads within 
each subset. 

2. Fluorescent proves complementary to the DNA coupled to each bead subset are prepared. 
Methods known in the art, e.g., as described in U.S. Patent No. 5,403,71 1, issued April 4, 
1995 and incorporated herein by reference, or other methods may be used to fluorescently 
label the DNA. Since each probe will bind optimally only to its complementary DNA- 
containing subset, under the conditions of the assay, the fluorescent probes may be added 
to the subsets before or after the subsets are pooled, and before or after addition of the 
DNA test sample(s) of interest. 

3. Tissue, fluid or other material to be analyzed is obtained, and DNA is purified and/or 
amplified with PCR as necessary to generate the DNA products to be tested. 

4. The DNA samples of interest are then mixed with the pooled beadset under suitable 
conditions to allow competitive hybridization between the fluorescent probes and the DNA 
of interest 

5. The beariset is then analyzed by flow cytometry to determine the reactivity of each bead 
subset with the DNA sample(s). If the test sample contains a DNA sequence 
complementary to the DNA of a given bead subset then that subset will exhibit a decreased 
F m value relative to the F m value of beads to which a control DNA has been added. A 
computer executed method in accordance with the current invention can determine the 
subset from which each bead is derived, and therefore, the identity of the DNA sequence 
on the bead and any change in F m . 
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Detection of Foreign DNA 

The methods of the present invention find wide utility in the detection of foreign DNA's 
in, for example, diagnostic assays. Although the DNA segment to be analyzed can be any DNA 
sequence, in accordance with this embodiment the selected segment will be a DNA segment of a 
5 pathogenic organism such as, but not limited to, bacterial, viral, fungal, mycoplasmal, 
rickettsial, chlamydial, or protozoal pathogens. The procedure has particular value in detecting 
infection by pathogens that are latent in the host, found in small amounts, do not induce 
inflammatory or immune responses, or are difficult or cumbersome to cultivate in the laboratory. 
The multiplexed DNA detection method of the present invention is likely to find particular 
,o utility as a diagnostic assay for analysis of a sample from a patient having clinical symptoms 
known to be caused by, a variety of organisms using a headset designed to detect DNAs from the 
variety of organisms known to cause such symptoms to determine which of such organisms ,s 
responsible for the symptoms. DNA would be extracted from tissue, fluid or other sources and 
analyzed as described above. 



15 



Analysis of Genetic Polymorphisms 

The invention may also be used to measure a variety of genetic polymorphisms in a 
target DNA of interest. For example, there are several genes in the MHC and many are 
polymorphic. There are at least two applications in which determinaUon of the alleles at each 

2d position of the MHC is of critical importance. The first is die determination of haplotype for 
transplantation, and the second is determination of haplotype as indicator of suscepubmty to 
disease. See Gross et al., "The Major Histocompatibility Complex-Specific Prolongation of 
Murine Skin and Cardiac Allograft Survival After In Vivo Depletion of V P * T Cells » J. Exp. 
Med 177, 35-44 (1993). The MHC complex contains two kinds of polymorphic molecules, 

* Class I genes, HLA A, B and D which have 41, 61 and 18 known alleles and Class 10 genes, 
HLA-DRUAS HLA-DQAI and BI HLA-DP, DPA1. DPB1, also with many alleles. Each 
human can have up to 6 co-dominant Class I genes and 12 co-dominant Class 10 genes. 

In the case of transplantation, the closer the match between the donor and recipient the 
3, greater the chance of transplant acceptance. A multiplexed assay in accordance with the 



WO 97/14028 



PCT/US96/16J9* 



-90- 

invention may be employed to perform tissue typing quickly and accurately to identify suitable 
matches for transplantation. 

In the situation of disease association, it has been found that individuals bearing certain 
alleles are more prone to some diseases than the remainder of the population. The frequency of 
alleles of the MHC genes is not equal, and sets of alleles are frequently found (linkage 
disequilibrium) so that the identification of the exact set of alleles associated with many diseases 
is feasible. As one example, insulin-dependent diabetes mellitus (IDDM) is associated with 
certain HLA-DQ alleles. The number of alleles of DQ in the population is modest and genetic 
typing by PCR amplification and hybridization with allele specific probes has been shown to be 
practical. See Saiki et al, "Genetic Analysis of Amplified DNA with Immobilized Sequence- 
Specific Oligonucleot&e Probes," Proc. Natl. Acad. ScL U.S.A., 86, 6230- 6234 (1989). 

For an assay q>f MHC in accordance with the invention, DNA is obtained from blood or 
other extractable source, and amplified with primers specific for the MHC genes under analysis, 
for example, HLA-DQA. For a full genotyping of the MHC, several samples of DNA would be 
amplified with different sets of primers to accommodate the large number of loci and the high 
degree of polymorphism. The PCR products are then screened for specific alleles using headsets 
and fluorescent probes as described above. 

Mutation Analysis of Selected Genes: Screening Procedures 

There are several methodologies for determining and comparing DNA sequences in 
order to detect mutations which are associated with disease or neoplasia. When adapted to a 
bead-based, multiplexed format in accordance with the current invention, hybridization analysis 
allows for the rapid screening of multiple genetic loci for multiple wild type and mutant 
sequences. 

In a preferred embodiment of the invention, a given genetic locus, or multiple loci, can 
be simultaneously screened for the presence of wild type or mutant sequences. In the same 
analysis, multiple known mutations can be distinguished from each other and from the wild type 
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• a mutations In addition, the homozygosity or heterozygosity of 
sequence and uncharactenzed mutations, in 

known sequences can be determined. 

, ,h for detecting a DNA mutation in accordance with this aspect of the 
invention is as follow. In a . - Resenting wildtype and 

mutan t sequences, from a region g ttc ^ qucsknown ta me art, (e*. carbodiimide 

in the assay, e.g., generally between aoo -hb^m amount of the 

20 and 30 nucleotides in length. In a preferred ^^^to all or part of 
oHgonucleoudeisboundtothebead. Fluorescentoligonucleoud. complementary to al 

the sequences attached' to each bead, are also prepared. 

15 , a, amnlifv that region of the test DNA corresponding to 

Next, PCR primers are selected to amplify that region ^ sample 

. v „ then used to amplify the particular region of DNA in tne 
that contains the moikiko comsponoiiuj » , fdrab i e! twta)ptodocti> 

. ,. .<«/U«nt time to denature the una v. c -5t iWE 
nOnuus a. about 90-95-C > ^ „ „ 1(W 

, .on, u^p.^ fr *»« .0 *«» 0»o^ - * „ 

. v . a nn Aet hybridization conditions suitable to allow con^ 

concentrations of the PU<. F ouu 
30 adjusted to optimize the reaction. 
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In general, the concentrations of PCR product and fluorescent probe to be used are 
adjusted so as to optimize the detectable loss of fluorescence resulting from competitive 
inhibition without sacrificing the ability of the assay to discriminate between perfect 
complementarity and one or more nucleotide mismatches. In an exemplary assay, the 
5 concentration of PCR product complementary to the oligonucleotide bound to the beads may be 
on the order of 1 to 1 0 times the molar concentration of fluorescent probe used. The fluorescent 
probe should preferably be added in an amount sufficient to achieve slightly less than saturation 
of the complementary oligonucleotide on the beads in order to obtain maximum sensitivity for 
competitive inhibition. 

10 

In a multiplexed assay employing the above principles, beadsets are separately prepared, 
pooled, and the bead-iased hybridization analysis performed. In order to screen a given locus 
for mutations, headset subsets are prepared such that subset 1 is coupled to a DNA segment 
identical to the wild type sequence, subset 2 is coupled to a DNA segment identical to a known 
15 mutation 1 (which may represent a single or multiple point mutations, deletions or insertions), 
subset 3 is coupled to a DNA segment identical to a second known mutation 2, and so on. The 
subsets are then mixed to create a pooled headset. 

When a nucleic acid sample is analyzed with such a headset, only the bead subsets 
20 containing sequences identical to the test sample will show a large decrease in fluorescence (/%,). 
Bead subsets containing unrelated or gready disparate sequences will show little or no decrease 
in fluorescence (FJ and bead subsets containing very closely related sequences, such as point 
mutants, will show an intermediate decrease in fluorescence (F w ). Thus, a large decrease in the 
F m of only subset 1 would indicate homozygous wild-type; a large decrease in the F m of both 
25 subset 1 and subset 2 would indicate heterozygous wild-type / mutant 1 and so on. If the test 
sample is less inhibitory than the perfectly complementary sequence for any of the known 
sequences represented by the subsets then a new uncharacterized mutation is indicated. The test 
sample could then be sequenced to characterize the new mutation, and this sequence information 
used to construct a new subset for the headset to detect the newly discovered mutation. 

30 
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The present invention has wide-spread advantages for detection of any of a number of 
nucleic acid sequences of interest in the genomic DNA of an individual or organism and has the 
advantages of being both rapid and extremely accurate in effecting the detection of such mutations. 
Tte invention will find wide applicability in diagnosis of a number of genetically associated 
s disorders as well as in other applications where identification of genetic mutations may be 
important Exemplary diseases include without limitation, diseases such as cystic fibrosis, 
generalized myotonia and myotonia congenita, hypokalemic periodic paralysis, hereditary 
ovalocytosis, hereditary spherocytosis and glucose malabsorption; which are associated with 
mutationsin the genes e„cotogiontrar*porters^^ 
,o with mutations in the MEN2a, b, and MEN1 genes; familial medullary thyroid carcinoma, and 
Hirschsprung's disease, which are associated with mutations in the ret proto-oncogene; familial 
hypercholesterolemia, which is associated with mutations in the LDL receptor gene; 
neurofibromatosis and tuberous sclerosis, which are associated with mutations in the NF1 gene. 
andNFtype2gene; breast and ovarian cancer, which are associated with mutations in the BRCA1. 
» BRCA2.BRCA3 genes; familial adenomatouspolyposis, which is associated with mutationsin the 
APC gene; severe combined immunodeficiency, which is associated with mutations in the 
adenosine deaminase gene; xeroderma pigmentosum, which is associated with mutations in the 
XPAC gene; Cockayne's syndrome, which is associated with mutations in the ERCC6 excision 
repair gene; fragile X, which is associated with mutations in the finr 1 gene; Duchenne's muscular 
» dystrophy, which is associated with mutations in the Duchenne's muscular dystrophy gene; 
myotonic dystrophy, which is associated with mutations in the myotonic dystrophy protein kinase 
gene; bulbar muscular dystrophy, which is associated with mutations in the androgen receptor 
genes; Huntington's disease, which is associated with mutations in the Huntington's gene; Peutz- 
jegher-s syndrome; Lesch-Nyhansyndrome, which is associated with mutations in the HPRT gene; 
25 Tay-Sachs disease, which is associated with mutations in the HEXA gene; congenital adrenal 
hyperplasia, which is associated with mutations in the steroid 21 -hydroxylase gene; primary 
hypertension, which is associated with mutations in the angiotensin gene; hereditary non- 
polyposis, which is associated with mutations in the hNMLHl gene; colorectal carcinoma, which 
is associated with mutations in the 2 mismatch repair genes; colorectal cancer, which is associated 
,o wi*mutatior*inmeAPCgene;fon^^^ 
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apolipoprotein E gene, retinoblastoma, which is associated with mutations in the Rb gene; Li- 
Fraumeni syndrome, which is associated with mutations in the pS3 gene; various malignancies and 
diseases that are associated with translocations: e.g., in the bcr/abl, bcl-2 gene; chromosomes 1 1 to 
1 4 and chromosomes 1 5 to 1 7 transpositions. The references at the end of the specification which 
are expressly incorporated herein by reference describe genetic mutations associated with certain 
diseases which may be tested for in accordance with the invention as well as sequences provided in 
GENBANK, the contents of which are also expressly incorporated herein by reference 

Double Stranded Experiment 

For the purposes of illustration, the two complementary strands of a double-stranded DNA 
segment arc referred to as strand 44 A" and strand "B". Either strand may be designated "A" or "B". 
The wild-type **B M strand oligo (ras codon 12) having the oligonucleotide sequence 5*- 
GCCTACGCCACCAGCTCCAACTAC-3' (SEQ ID NO. 3) was coupled to 3.0 micrometers 
(Hm) latex microspheres (manufactured by Interfacial Dynamics, Portland, OR) by carbodiimide 
coupling. Double stranded competitor was prepared by combining equal amounts of both the "A* 
and U B" strands of either the wild-type or mutant version of the oligo, mutant "B M strand having 
the sequence 5*-GCCTACGCCAQ^AGCTCCAACTAC-3* (SEQ ID NO. 4) (ras codon 12) in 
SX SSC buffer. Annealing was accomplished by heating the mixture to 65°C for five minutes, 
then cooling slowly to room temperature. Competitive hybridization was accomplished by 
combining approximately 40 picomoles of the bead-attached oligo (wild-type "B" strand) with the 
indicated amounts of double stranded competitor in 2.3X SSC buffer at approximately 25°C. 
Finally, 100 picomolesbf the fluorescinated oligo (wild-type M A" strand) was added to the reaction 
mixture. This mixture was incubated for two hours at room temperature, and then diluted with 300 
\il of saline pH 7.3, and analyzed on the "FACSCAN 1 (manufactured by Becton-Dickinson 
Ixnmunocytometry Systems, San Jose, CA). The results are shown in Table 20 below and in 
Figures 43a through 43c. 
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TABLE 20: Double-Stranded Experimental Results Using Wild-Type «B» Oligonucleotide 



Double Stranded 
Competitor (picomole) 


Percent Inhibition (%) 
Wild-Type Mutant 


Fold Competition 
Wild-Type/Mutant 


10 


20 9 


22 


100 


35 12 


2.9 


1000 


56 17 


3.3 



These results clearly show that the DN A containing the single point mutation C'MutantT) 
detectably less effective inhibitor of hybridization between the DNA on the beads and the 
fluorescentohgonucleolideprobe at all concentrationsof competitortested. 



was a 



Single Stranded Experiment 

The wild-type W B M strand oligo (ras codon 12) was coupled to 3.0 urn latex microspheres 

Onanutouied^ 

accomplished by combining approximately 40 picomoles of the bead-attached oligo with 100 
picomoles of the fluorescinated oligo (wild-type "A" strand) in 2.3X SCC buffer. Finally, the 
indicated amounts of single stranded competitor (either mutant or wild-type) were added to two 
separate aliquots of the reaction mixture. These aliquots were incubated for two hours at room 
temperature, and then diluted with 300 pi of saline pH 7.3 . and analyzed on the FACSCAN flow 
cytometer. The result of these experiments are set forth in Table 21 below and in Figures 44a and 
44b. 
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TABLE 21: Single-Stranded Experimental Results 



Single Stranded 
Competitor (picomole) 


Percent Inhibition (%) 
Wild-Type Mutant 


Fold Competition 
Wild-Type/Mutant 


100 tt A" Strand 


14 6 


2.4 


1000 "A" Strand 


25 11 


23 



These results clearly show that the DNA containing the single point mutation ("Mutant") 
was a detectably less effective inhibitor of hybridization between the DNA on the beads and the 
florescent oligonucleotide probe at all concentrations of competitor tested. 



Resequencing analyst of PCR products using multiplexed analysis. 

This example demonstrates the ability of flow cytometry to perform resequencing 
analysis of PCR products. As a model system, PCR products were derived from the DQA1 
gene, in the region of the gene which determines the major alleles of DQA1. The DQA1 gene 
represents the DNA coding sequence for the alpha chain of the DQ molecule. DQ is classified 
as a class II histocompatibility locus and is expressed in allelic form in all humans. Most 
individuals are heterozygous for DQA , i.e., they express two different DQA alleles. The 
determination of DQA alleles is used in identity testing for paternity and forensic purposes. 

Seventeen alleles of DQA1 have been defined by DNA sequencing; however, eight 
major alleles a ccount for the large majority of the population. These alleles are determined by 
fourteen unique DNA sequences contained within four regions of the DQA1 gene; all four 
regions are contained within a 227 base pair PCR product derived from human genomic DNA. 

Flow cytometry was used to determine the presence or absence of all fourteen DNA 
sequences in a PCR product simultaneously in a single reaction tube, thereby allowing 
determination of the DQA alleles expressed in a given sample. The system is based on 
competitive hybridization between the PCR product and complementary oligonucleotide pairs 
representing each of the fourteen unique DNA sequences. One strand of each oligonucleotide 
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• of microspheres and the complementary strand is labeled with 

pairisC o UP ledto fc fo<ffteen ^ microsphere subsets .ere 

^^°TlTZ 1 — - — fluoresceni 

^ I 0 P ; Z 1 pT R Product to the headset, me mixture is hybridized and then 
oligonuCeotrfes and the PGR P ^ irilibit mc hybndizadon of the 

. a «rf thus the allelefs) present in the PCR product, 
determine the DNA sequences, and thus, the aiieiev , p 

M- coheres- Carboxylate-modified latex (CML) microspheres of 5.5 micron mean diameter 
Ml£ ^ d ! m Bangs Laboratories, Inc. (Cannel. IN). Tbe microspheres were 
, were obtained from Bangs _ ^ orange ^ red 

differentially dyed wUh varying conccntrattons of two 

oiigos, Etc. cw«^ — r^--*^—--*---'-* 

oligonucleotide was substituted at the 3 enowiu. 

• The "B" strand of each oligonucleotide pair was 

* of. . «M »W« of " ^J 0 , MMB , p „4,. T. te 

• H v „ H 4 5 was added to 1 .0 mL of microspheres U /* souas; •» 

nt T of a 10 mg/tnL solution of EDC ( l.thyl^irnethylammopropyl> 
^ 0.05 mL of a 10 ^ The mixture was incubated for 

carbodiimide hydrochloride) was added and ^ mCubation 

above. Following *e second incubation period, the «~ ~ ^ * 

, ■„ ^r^TTtt-A'strandofe^^ 
nucleotide label s The A stran ^ A ^. M ^-^y\) 

M with Bodipy FL-X (^difluoro-S^-Amethyl-^bora 3M»« 
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amino)hexanoic acid, sucrinimidyl ester) (Molecule Probes, Inc. , Eugene, OR). Briefly, a 400 
absolution containing 20 uM oligonucleotide-in-0.1 Msodium bicarbonate and 5% DMSO, pH 
8.2 was reacted with 30 uL Bodipy FL-X (10 mg/mL in DMSO) for 16-18 hours at room 
temperature. The mixture was desalted on a PD10 column equilibrated in TE (10 mM TrisHCl, 
5 1 mM ethylenediamine tetraacetic acid (EDTA), pH 8.0) to remove excess unreacted dye and 
stored at 4°C. 

r>NA extraction: Tissue sample (template) DNA was purified using the QIAmp Blood Kit 
(Qiagen, Chatsworth, CA) for DNA purification. Briefly. 1 x 10' tissue culture cells or 200 uL 

,o whole blood is lysed with Qiagen protease and Buffer AL. The lysate is incubated at 70'C for 
10 minutes followed by addition of 210 uL ethanol. The mixture is applied to a QIAmp sptn 
column and centrifuged at 8,000 x g for 1 minute. The filtrate is discarded, 500 uL Buffer AW 
is added to the column and the centrifugation is repeated; this step is repeated. The filtrates are 
discarded and the DNA is eluted into a new tube by addition of 200 uL Buffer AE, incubation at 

15 room temperature for 1 minute, followed by centrifugation as above. 

0 ^.,^^onn>CR: PCR primers designated DQA AMP-A (5'-ATGGTGTAAA 
CTTGTACCAGT-3' , SEQ ID NO. 5) and DQA AMP-B (5'-TTGGTAGCAG 
CGGTAGAGTTG-3\ SEQ ID NO. 6) (World Health Organization, 1994) were synthestzed by 
20 Oligos. Etc. (Wilsonville. OR) using standard automated techniques. PCR was performed w,th 
reagents (PCR buffer. dNTPs, MgCl 2 , and TAQ DNA polymerase) from Life Technology 
Inc.(Gaithersburg, MD). The reaction mixture (50 uL) contained 1 uM of each primer, 200 nM 
dNTPs, 3 mM MgCl, 4 - 10 ug/mL DNA template, and 2.5 units TAQ DNA polymerase m 
PCR buffer The PCR reaction was performed on an Idaho Technologies thermal cycler (Idaho 
„ Falls,ID)usmgandmitialst^^ 

sec and 72'C for 60 sec followed by a final hold at 72'C for 7 minutes. Production of the 
product was verified by agarose electrophoresis and was quantified by size excluston 
oncography on a Superdex 75 (10/30) column (Pharmacia, Piscataway, NJ). The PCR 
product was used without purification. 



30 



WO 97/14008 



PCT/US96/16198 



... • ..Mr The bybrioizadon reaction »tt pctod «> »toBlvolum* 

uo,ooo » ^ o l5% 

^ as - ^ a Blie „ y , te ^ 

' ^— . 55-C. * — of 



1 



with each unique oligonucleotide sequence, 

. r nucleotide- To optimize the system for detection of PCR products, 
fluorescent oligonucleotide was titeredm the presen oUgonuc leotide 
i. i^<4!««inn of increasing concentrations of fluorescent augon 

the presence of competitor, the Dinaing 
"5503 A" hybridization. 
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Concentration dependence of inhibition and detection of point mutations; Figure 47 illustrates 
the inhibition of fluorescent oligonucleotide hybridization by varying concentrations of 
complementary and point mutant competitors in the presence of a fixed concentration of 
fluorescent oligonucleotide. The solid lines show the inhibition of hybridization to bead 
"3401B" induced by competitors 3401 (u) or 3402 (n). The dashed lines show inhibition of 
hybridization to bead "3402B" induced by competitors 3401 (s) or 3402 (I). Even at the lowest 
competitor concentration (10 nM), there is approximately a two-fold difference between the 
reactivity of the identical sequence versus the point mutant 

Specificity of the multiple analvte assav : The specificity of the reaction of each DNA competitor 
sequence with the multiplexed microsphere subsets is illustrated in Table 23 and Figure 48, 
using double-stranded oligonucleotide competitors. The pattern of reactivity is consistent with 
the homology of the different oligonucleotides with identical sequences showing maximal 
reactivity, closely related sequences showing less reactivity, and unrelated sequences showing 
little or no reactivity. 

Allele-specific reactivity patterns: In order to establish the reactivity patterns of the DQA1 
alleles in a model system, simulated alleles were prepared by mixing the oligonucleotides 
representing the DNA sequences that would be present within a single PCR product for a given 
allele. Figure 49 illustrates the typing of four simulated alleles of DQAL By comparison to the 
allele reactivity chart shown in Table 24, it can be seen that each of the simulated alleles types 
correctly. 

Typing of homozygous genomic DNA: To verify the ability of flow cytometry to correctly type 
PCR products prepared from genomic DNA, samples of DNA of known, homozygous DQA1 
type were obtained from the UCLA Tissue Typing Laboratory, Los Angeles, CA. After PCR 
amplification, these samples were typed using flow cytometry; the results are shown in Figure 
50. By comparison to the allele reactivity chart (Table 24), it can be seen that the system 
correctly types these samples. 
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hete^us DQA1 hapiotypes. -H- * k — i '"- W " 

DQA1 type were obtained from the UCLA Tissue Typing Ute-y. Us Angles, CA. The 
samp* of ho mo^us DNA used above were added to the panel and all * « 

„* coiuum tf T*h 25 endued Type- indiea.es v*ed«r the hapl«yp. tndtetUed b, UCLA 
and the Umine, analysis .meed. In 34 of 35 sampies. the k»1«> * ** 

• a. t ,m«n<.* analvsis Thus, the multiplexed analysis is 
as an 0501KI201 beterozygote in the Lununex analysis i"» 

» e^koftnnnfttaWAlh^loWS-fliMl^t'^^euniey. 

leseouene^^ysisofPCRp^^ 1*. — »— "** ^ 

^DNAseoue^^dete^in.eilhtdiBe.n.DqAl^es. "* 

„ . perfom, «..**>.._ Simula form*, using a singie »mph> - • »» 

ampimcadonofteDNAsanple. Thus. it is possible . perform ussu. Wing « ..her ^en* 
a uTOrequiiedferextr^onorDNAandPCRampliBcanon. 
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TABLE 22: DQA1 DNA Sequences 

" Sequence "A" Strand | Sequence "B" Strand 



TGGCCAGTACACCCAIUA 

(SEQIDNO. 7) 

TGGCCAGTTCACCCAIUA 

(SEQIDNO. 9) 

TGGGCAGTACAGCCA iOA 

(SEP ID NO. ID 



DQA3401 



TCATGGGTGTACTGGCCA 
(SEQIDNO. 8) 
TCATGGGTGAACTGGCCA 

(SEQIDNO. 10) 

TCATGGCTGTACTGCCCA 
( SEQIDNO. 12) 

CGTAGAACTCCTCATCTC 



(SEOIDNO. 13) 
DQA3402 GAGATGAGCAU 1 1L1ACO 

(SEQIDNO. 15V 
DQA3403 GAGACG AGCAG 1 1L1ACG 
(SEOIDNO. 17} 


CGTAGAACTGCTCATCTC 

(SEQIDNO. 16) 

CGTAGAACTGCTCGTCTC 
(SEQIDNO. 18) 


0102,0103, 
0501 

0401,0601 


DQA3404 GAGa'cGAGGAGI 1UAIG 
(SEQIDNO- 191 

DQA4101N ACCTGGAGAGGAAGGAUA 
I (SEQIDNO. 21) 


CATAGAACTCCTCGTCTC 
(SEQIDNO. 20) 

TCTCCTTCCTCTCCAGGT 
(SEQIDNO- 22) 


0201,0301 

0101,0102, 
0201,0301 


DQA4102 ACCTGGAGAAGAAGGAGA 
(SEQIDNO. 23) ___ 

DQA4103 ACCTGGGGAGGAAGGAUA 

(SEQIDNO. 25) 

DQA5501N TCAGCAAAriTGGAGGl l 

(SEP ID NO. 27) 

"DQA5502N TCCACAGACTTAGAI 1 1U 
(SEQIDN0.29> 


TCTCC1TC1TCTCCAGGT 

(SEQIDNO. 24) . 

TCTCCTTCCTCCCCAGGT 
(SEQIDNO. 26) 

' aacctccaaatttgctga" 

(SEQIDNO. 28) 

" " CAAATCTAAGTCTGTGG A 
(SEQIDNO. 30) 


0103 1 

0401,0501, 
0601 

0101,0102, 

0103 

0201 


DQA5503 I TCCGCAGAT11 auaauA 1 
|(SEQIDN0.3n 


" ATCTTCTAAATCTGCGGA 
(SEQIDNO. 32) 


0301 


DQA5504 1 TCAGACAA'l ITAGA1 I iu 
(SEQIDNO- 33) 


" C AAATCTAAATTGTCTG A 
(SEQIDNO. 34) 


0401,0501, 
0601 



Allele 
Specificities 
0101, 0401, 
0501 

0103,0201, 
0601 
0301 



0101,0104 
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Table 23: Specificity of Oligonucleotide Inhibition 
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Measuring Enzymes with Bead-Based Assays 

The invention may also be used in several formats for measurement of enzymes, enzyme 
inhibitors and other analytes. For example, bead subsets can be generated that are modified with 
selected fluorescent substrates which can be erratically cleaved from the bead, resulting in a 

5 loss of fluorescence (FJ. Enzymes that can to detected and measured using the invention 
include but are not restricted to, protease, glycosidase, nucleotidase, and oxidoreductase. Any 
enzyme that results in selected bond cleavage can be measured. A cartoon of the action of 
enzyme on a bead-bound enzyme is shown in Figure 51a. An enzyme that acts upon a bead- 
bound substrate so that the bead-bound substrate becomes fluorescent or loses fluorescence 

,o comprises an assay for the level of enzyme affecting such a change. Figures 51b and 51c depict 
these situations. Alteration of the substrate could be an oxidation or reduction, alteration of a 
chemical bond such Aydrolysis or other alteration of the bead-bound substrate so that the 
fluorescence of the substrate is altered in intensity or spectrum. 
>, 

Enzymes that act upon pro-enzymes (convertases) can be measured using a bead-bound 
substrate providing the reaction mixture contains the pro-enzyme and beads bearing a substrate 
that can be acted upon by the active form of the enzyme. (Providing the specificity of each 
activated enzyme is distinct, a multiplexed assay is achievable in which several pro-enzymes can 
be measured at the same time.) The sample is introduced into a mixture of proenzymes under 
» reaction conditions. After a fixed time interval during which the converts acts upon the pro- 
enzyme, the headsets specific for each enzyme generated from each pro-enzyme are added and 
the newly generated activities measured in a subsequent time period which is terminated when 
the headsets are analyzed by flow cytometry; Such a process for a single proenzyme to enzyme 
conversion is illustrated by the cartoon in Figure 51d. 

The action of the enzyme can be measured in an indirect but facile manner using a bead 
bound substrate as depicted in Figure 51e. The action of the enzyme on the bead-bound 
substrate results in the. formation or revelation of a ligate for a fluorescent ligand present in the 
reaction mixture. The bead bearing the modified substrate then becomes fluorescent by virtue of 
3 o binding of te fluorescent ligand to the newly formed ligate. In practice, the enzyme(s) would 
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^ „ c Aft P r a defined time period during which the 

tow ^ — — -*-*_ J* b. ^ -< * 

ac« upon •>« >»- bo ^ ^ ^ fc ^ fc 

. , may be used to detect the activation of enzyme when the 

The bead-bound substrate may be us 

fe^nr for activity. Under this circumstance, the level oi 
^ ^ . - * md „ fc level of 

^vk (enzvm. cofaaor), " , „ ^ of cofacto. 1»» 
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assay mixture. 



same reaction mixture. 



25 



, h*m these techniques include plasma, serum, tears, mucus, 

=r.:r.s=^:~- 



invention proceeds as follovo: 



, . „f ike following: amino, aldehyde, acid 
„ chlohde. anndine. phenolic h, W. Ph»y« — • — * " 
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sca „ er C 2 and one of several wavelengths of fluorescence C, ...C„ which are designated 
as orange and red fluorescence, for example, and comprise a number of subsets. 
2. Subsets thus obtained are derivatized with a peptide (substrate) having a terrnmal 
fluorescent green group, for example fluorescein (FJ. 

" are processed by a particle analyzer and sorter (FACSCAN) and a uniform populate of 
particles are separated which have a low coefficient of variance for F. (e.g., 3%). 

on the surfaces of the beads. 
5 . After a defined pUd of time, the reaction is stopped „l the enUxe nuxture processed by 
a flow cytometer and results are determined. 

„» »o„ c,^ *- — — *- — ^ 

. .i. t„«rf«e with the sssay. This obviates the requirement »' 
substrate) villi not significantly interfere witn me esaj 

™" ^ 1. *— ""t 

tafc stands* ««- of PH. comp.si.on tempers. Two d»~ 
exp tad while the enzymels) is (»» acting on each be»is«t(s). 
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External Time 

In this-configcration, as each bead is measured by the flow cytometer, the tune at whtch 

the beginnmg of the assay, the baseline measurement is determined. Once the enzyme (chruca^ 
sample) is added to the bead mixture, the sample analysis begins. As the beads proceed through 
the instrument, the time data collected is usedto determine the length of time Otat the bead has 
been exposed to the clinical sample. The F. data collected over the period of the assay is used 
t0 determine the rate of change of substrate on the beads (kinetics) and thus the rate read,ly 
derived for each bead subset in the mixture exposed to the clinical sample. 



10 



Internal Time , , 

Time can be determined and at the same time a quality control internally generated by 
including a "timer" bead subset that bears a substrate which is acted on by an ensyme that does 

not naturally occur iti u«- • 



id SUDSei Uiai ucoia • — ~ 

the clinical sample to be tested. The use of non-pathogenic microbial 
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The present invention provides numerous advantages and overcomes many problems 
associated with prior art techniques of multiplexed diagnostic and genetic analysis apparatus and 
methods. It will be appreciated by those of ordinary skill having the benefit of this disclosure 
that numerous variations from the foregoing illustration will be possible without departing from 
the inventive concept described herein. Accordingly, it is the claims set forth below, and not 
merely the foregoing illustration, which are intended to define the exclusive rights claimed in 
this application program. 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: Luminex Corporation, Chandler, Van S. 

Fulton, R. Jerrold 
Chandler, Mark B. 

(ii) TITLE OF INVENTION: Multiplexed Analysis of Clinical 

Specimens Aparatus and Method 

(iii) NUMBER OF SEQUENCES: 34 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Melinda L. Patterson, Arnold, White & 
Durkee 

(B) STREET: P.O. Box 4433 

(C) CITY: Houston 

(D) STATE: Texas 

(E) COUNTRY: USA 

(F) ZIP: 77210-4433 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1 .0, Version #1 .30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 
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(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Patterson, Melinda L. 

(B) REGISTRATION NUMBER: 33,062 

(C) REFERENCE/DOCKET NUMBER: ILAB:005 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (713) 787-1592 

(B) TELEFAX: (713) 789-2689 

1 

(2) INFORMATION FOR SEQ ID NO:l : 

>, 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
His Tyr Gly Ser Leu Pro Gin Lys 
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(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Tyr Gly Ser Leu Pro Gin 
1 5 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
GCCTACGCCA CCAGCTCCAA CTAC 24 
(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

J 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
GCCTACGCCA CAAGCTCCAA CTAC 24 
(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 
ATGGTGTAAA CTTOTACCAG T 2 * 



10 



(2) INFORMATION FOR SEQ ID NO:6: 
J 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 

is (B) TYPE: nucleic acid 

. (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

20 (A) DESCRIPTION: /desc = "Oligonucleotide" 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
TTGGTAGCAG CGGTAGAGTT G 
(2) INFORMATION FOR SEQ ID NO:7: 

30 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



! 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
», 

TGGCCAGTAC ACCCATGA 18 
(2) INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 
TCATGGGTGT ACTGGCCA 
(2) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

P) TOPOLOGY: linear 
1 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 
TGGCCAGTTC ACCCATGA 18 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: Zdesc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

TCATGGGTGA ACTGGCCA 

(2) INFORMATION FOR SEQ ID NO: 1 1 : 
1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH,: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide* 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l 1 : 
TGGGCAGTAC AGCCATGA 
(2) INFORMATION FOR SEQ ID NO:12: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "Oligonucleotide" 



1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

», 

TCATGGCTGT ACTGCCCA 18 
(2) INFORMATIOM FOR SEQ ID NO:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 
GAGATGAGGA GTTCTACG 
5 (2) INFORMATION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

10 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
\ 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 
CGTAGAACTC CTCATCTC 
(2) INFORMATION FOR SEQ ID NO: 1 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



30 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 
GAGATGAGCA GTTCTACG 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: t'i base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc » "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CGTAGAACTG CTCATCTC 
(2) INFORMATION FOR SEQ ID NO:17: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "Oligonucleotide" 



1 

(xi) SEQUENCE DESCRIPTION: SEQ IDNO:17: 
>, 

■5 GAGACGAGCA GTTCTACG 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

2 j (ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc » "Oligonucleotide" 



30 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CGTAGAACTG CTCGTCTC 
(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
.(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GAGACGAGGA GTTCTATG 18 
(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

CATAGAACTC CTCGTCTC 18 

(2) INFORMATION FOR SEQ ID NO:21 : 
1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
. (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21 : 
ACCTGGAGAG GAAGGAGA 
(2) INFORMATION FOR SEQ ID NO:22: 
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(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "Oligonucleotide" 



1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
TCTCCTTCCT CTCCAGGT 18 
(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

fii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "Oligonucleotide" 
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(jd) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
ACCTGGAGAA GAAGGAGA 18 
s (2) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

io (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
1 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
TCTCCTTCTT CTCCAGGT 
(2) INFORMATION FOR SEQ ID NO:25: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
ACCTGGGG AO G AAGG AGA 1 8 

(2) INFORMATION FOR SEQ ID NO:26: 
J 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 
TCTCCTTCCT CCCCAGGT 1 8 

(2) INFORMATION FOR SEQ ID NO:27: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "Oligonucleotide" 



I 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
t, 

is TCAGCAAATT TGGAGGTT 

(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

2j (ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide' 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 
AACCTCCAAA TTTGCTGA 18 
(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

1 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID N029: 
TCCACAGACT TAGATTTG 18 
(2) INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

CAAATCTAAG TCTGTGGA 

(2) INFORMATION FOR SEQ ID NO:3 1 : 
1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH;, 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:31: 
TCCGCAGATT TAGAAGAT 
(2) INFORMATION FOR SEQ ID NO:32: 

30 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(O STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc « "Oligonucleotide" 



1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 
ATCTTCTAAA TCTGCGGA 
(2) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



WO 97/14028 



PCT/US96/16198 



-138- 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 
TCAGAC AATT TAGATTTG 
(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

\ 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc » "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 
CAAATCTAAA TTGTCTGA 



18 
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Height 

Index " 
Left 

Lightcolor j « 
ShadeColor 
ShadowForeColor - 
SpinBacxColor - 
SpinForaColor - 
TdThickne»s, t 
Top " 
Width 
End 

Begin TextBox amp 
Height 
Index 
Left 

Tablndex m 
Text 

Top - 

Width 
End 

Begin TextBox amp 
Height 

Index ■ 
Left 

Tablndex " 
Text m 
Top " 
width 
End 

Begin TextBox amp 
Height 
Index 
Left 
Tablndex 
Text 
Top 
Width 

End 

Begin TextBox amp 
Height 

Index " 
Left 

Tablndex " 
Text " 
Top " 



fcHOOFFFFOOi 

100 

495 

1 

1060 

SHO0FFFF00& 
1 

720 
495 



&H0080FF&0& 

4HO0FFFF00S 

495 

O 

360 

&H00FFFF806 
&H00FFFF806 
&H0080FF806 
&H0080FF80& 
&H80000008& 
1 

720 
495 



285 
4 

3360 
13 

"Textl" 

360 

495 



285 
3 

2640 
12 

"Textl" 

360 

495 



285 
2 

1920 
11 

"Textl" 

360 

495 



285 
1 

1080 
10 

"Textl" 
360 
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Width - 495 

End 

Begin Text Box amp 
Height 
Index 
Left 

Tablndax 
Text 
Top 
Width 
End 

Begin Label Label3 
Alignment 
BackStyle 
Caption 
Height 
Loft 

Tablndex 
Top 
Width 
End 

Begin Label Labell 
Alignment 
BackStyle 
Caption 
Height 
Index 
Left 

Tablndex 
Top 
Width 
End 

Begin Label Labell 
Alignment 
BackStyle 
Caption 
Height 
Index 
Left 

Tablndax 
Top 
Width 
End 

End 

Begin TextBox txtNumber 
Height - 285 

index - 4 

Left « 3 3 SO 

Tablndex • 5 

Text - 11 Text 1" 

Top « 360 

Width - 495 

End 

Begin TextBox txtNumber 



285 
0 

360 
9 

"Textl" 
360 
495 



2 •Canter 
0 * Transparent 
"SSC" 
255 
1080 
22 

1200 
495 



2 •center 
0 •Transparent 
"PSC" 
255 
4 

360 
19 

1200 
495 



2 • Center 
0 • Transparent 
ii psc" 
15 
3 
0 

18 
240 
495 



Height 
Index 
Left 
Tablndex 
Text 
Top 
Width 



285 
3 

2640 
4 

••Textl" 

360 

495 
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End 

Begin TextBox txtNumber 
Height - 285 

Index • 2 

Tablndex - 3 

Text ■ "Textl 

Top ■ 360 

Width - 495 

End 

Begin TextBox txtNumber 



285 
1 

1080 
2 

"Textl" 

360 

495 



Height 
Index 
Left 

Tablndex - 
Text 

Top ■ 

Width 
End i 
Begin SpinButton Spinl 

BackColor « 

Delay m 

ForeColor - 

Height i, - 

Index - 

Left 

LightColor - 
ShadaColor - 
ShadowBackColor » 
ShadowForeColor « 
SpinBacXColor 
SpinForeColor - 
TdThicxness - 
Top - 
Width 

End 

Begin SpinButton Spinl 
BacXColor - 
Delay m 
Height 

Index - 1 

Left - 1080 

SpinBackColor - &H0OFFFF0OS 
TdThickneee m 1 
Top 
Width 
End 

Begin SSFrane PHT 
caption 
Font3D 
Height 
Index 
Left 

Tablndex 

Top - o 

Width - 4215 

Begin SpinButton Spinl 

BacxColor - &H000O00FF6 

Delay - 100 

ForeColor - &H00C0C0C0& 

Height « 495 



tHOOOOFFOOfi 
100 

&HOOC0C0CO& 

495 

2 

1920 

&HOO0OCOOO& 
&H0000B000& 
&H0000FF00& 
&HOO00FFOO& 
&H0000FF0O& 
KH00404040& 
2 

720 
495 



&H00FFFF006 

100 

495 



720 
495 

"Photo Multiplier" 
3 'Inset w/ light shading 
1455 



0 

« 0 

0 
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Index *» 
Laft 

LightColor - 

ShadeColor - 

ShadowBackColor » 

ShadowForeColor = 

SpinBackColor » 

SpinForeColor =» 

TdThicknesa - 

Top - 
width 
End 

Begin SpinButton spinl 

BackColor » 

Delay *» 

Forecolor « 
Height 

Index - 

Left ) - 

LightColor - 

ShadeColor » 

ShadowBackColor « 

ShadowForeColor - 

SpinBackColor*, - 

SpinForeColor » 

TdThickness - 

Top - 
Width 
End 

Begin TextBox txtNumber 
Height 

Index «■ 
Left 

Tablndex ~ 
Text 

Top « 
Width 
End 

Begin SpinButton Spinl 

BackColor - 

ForeColor «■ 
Height 

Index m 

Left * 

LightColor - 

ShadeColor ■ 
ShadowForeColor ■ 

SpinBackColor - 

SpinForeColor - 

TdThicxne&fi - 

Top ■ 
Width 
End 

Begin Label Label2 

Alignment - 
Backs tyle 

Caption * 
Height 
Left 

Tablndex * 

Top » 



4 

3360 

&HO0OO0OC0& 
&H00000030& 
&HO0O000FF& 
6HOOO00OFF& 
&HO0OO0OFF& 
AH00404040* 
2 

720 
495 



&H000080FF& 
100 

&HO0COCOCO& 
495 
3 

2640 

&H000080FF& 
&H004040806 
&H000080FF& 
&H000080FF& 
&HO0O080FF6 
&H00404 040ft 
2 

720 
495 



285 
0 

360 
1 

"Textl" 

360 

495 



&H0080FFB06 

&HO0FFFFO0& 

495 

0 

360 

&H0QFFFF80& 
&HOOFFFF80& 
&H0080FF80& 
tBOOSOFFBOt 
&H80000008& 
1 

720 
495 



2 • Center 

0 • Transparent 

«SSC" 

255 

1080 

7 

1200 
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Width 
End 

Begin Label Labell 
Alignment 
BacxStyle 
Caption 
Height 
Index 
Left 
Tablndex 
Top 
Width 
End 
End 

Begin Line Line2 

XI 

X2 

Yl 

Y2 
End 

Begin Line Linel 
XI 
X2 
Yl 
Y2 
End 
End 



495 



2 * Center 

0 •Transparent 

•ipSC" 

255 

0 

360 
6 

1200 
495 



K m 



2160 
3360 
3120 
3600 



2160 
3360 
3120 
3600 
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Option Explicit 

Function vbgcnproc () 
End Function 

Sub AssaySel_ClicK () 
Din y As Integer 
Dim x As Intager 

•find assay record selected 

^ ^Ue'So'VsaySel.Te*: - data2. B ecord a et(..as S ay_na M ») ) 

data2 .Recordset. MoveNext 
Loop j 

•get number of events required by this assay 
events - data2. Records et("event_count») 

•clear the testdef t a ble; it holds the name of each tofcen (biomolocule 
» assayed) and the base green and over under values 

Tor X ■ 0 To 1023 
For y » 0 To 1 
testdef (y, x) « 0 
Next y 
next x 

datatst. Refresh 

•now load the new values for this assay 

x^ffi:Re1ord S et(2) 'J*^-^., 
tknama(x) » datatst.Recordset(»token_name j 

StSJi datatst.Recordset(y + 4) 'load over under green and base gr 

en 

Next y 

End If M , 

datatst . Re cordset . MoveNext 

Loop 

If . - o Then HsoBo* -There are no Measurement Parameters defined for this ass, 
«, 48, "Assay Select" 
lasttst - x 

End Sub 

Sub CubeSel_Click () 
Dim y As Integer 
Dim x As Integer 
data2. Refresh 
Assay Sel. Clear 

Do While Not datu2 . Recordset ♦ EOF 
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, « * + PflcoLua^;"-. = name") Then AssaySel. Addltem data2. 

If CubeSel.Text « data2.Recoiua«w v _ ' 

ecordsatC* assay nana") 

data2 • RaccrHset .MoveNext 

Loop 

y m RaadPanel(tbuf (0)) 
loadpbuf 

g jrffiLSss sa'^ssrs'a.'ssau-. «. « 

r" 

Next x 

datahld. Refresh 
X - o 

For y " o To 7 

hldtab(y, x) - datahld. Recordset (y + 3) 
Next y 
x - x + 1 

End If * ^ 

datahld • Recordset . MoveNext 

«°£ - 0 Then Msgao* -There are no classification Para.et.rs defined for this c 
be", 48, "Cube Select" 
lastnode - x 

End Sub 

Sub Form Load () 
Dim x As~Integer 
•x * InitBrdO 
datal. Refresh 

Do While Hot datal.Recordset.EOF . „ ana «\ 

CubeSel.Addltem datal •Recordset (»cube_naae ) 

datal • Recordset .MoveNext 
Loop 

state - 0 

gridl.ColWidth(O) - 2400 
gridl.Colwidth(l) - 2600 
For X " 1 TO 63 
gridl.RovHeight(x) - 500 
Next x 

gridl.Rov • 0 

gridl.Col «0 .„ 
grldl.Text - "Biomolecule Assayed 
grldl^Col - 1 

grldl.Text - "Result of Assay" 
End Sub 

Sub MCAdjust^Click () . 
If formllCubeSel.Text <> ■» Then Form2.Snov 

End Sub 
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Sub MCCalib Click () ^ . . -.-en 

OpInst.Text"- "Load Calibration Beads into FACS 

End Sub 

Sub MCEnd Click () 
End 

End Sub 

Sub OplnstOK click () 
state - state + 1 
Select Case statu 
Case 0 

OpInst.Text - -calibralion Complete, Select Cuba and Assay" 
Case Else 
Oplnst.Text - MH 
TCInit. Enabled - True 
End Select * t 

End Sub 

Sub ResClear_Click () 
Din x 

For x « 1 To 12 
gridl. Row - x 
gridl. Col - 0 
gridl. Text - «■ 
gridl. Col - 1 
gridl. Text - 
Next x 

gridl. Rov - 0 

TCS tart. Enabled - False 

End Sub 

Sub TCHalt_Click () 

• during development, the halt button displays the results of classification 

• by token, **** token 0 is the reject class 

Dim x As Integer 
Din y As Integer 
Dim z As Integer 
Dim measure As Integer 

x- DoTest<lbuf<0, 0), hldtab<0, 0) , testdef(0, 0), results(0 # 0), events, last 
ode, lasttst) 

For y - 0 To 1023 

If results (2, y) <> 0 Then 

gridl. Row « gridl. Row + 1 

gridl. Col - 0 

gridl.Text - "bead » & y 

gridl. col « 1 

gridl.Text - results (2, y) 

End If 
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Next y 

End Sub 

Sub TClnit_Click () 

Dim x As Integer 

Dim y As Integer 

•x - InitBrdO 

If AssaySel.Text - MH Then 

OpInst.Text - "You must select a Cube and Assay first!" 
Else 

For X - 0 To 1023 
For y - 0 To 3 
results (y, x) - 0 
Next y 
Next x 

1 

OpInst.Text « "initialization Complete" 
TCS tart. Enabled - True 
TCHalt. Enabled - True 
End If 

End Sub 

Sub TCStart_ciick () 
Dim x As Integer 
Dim y As Integer 
Dim z As Integer 
Dim measure as integer 

x - DoTest(lbuf (0, 0), hldtab(0, 0) , testdef(0 f 0), results(0, 0) , events, last 
ode, lasttst) 

da taint. Refresh 

Do While Mot dataint. Recordset. EOF 

If AssaySel.Text - dataint.Recordset ("assay") Then 
For x « 0 To 4 _ ^ 

resline(x) - dataint. Recordset (x + 2) 'move to temp area 
Next: x 

z - resline(O) 'token value 
•test************************************* 

results (2, 2) - results(2, 2) + 1 
results(0 # 2) - results(Q, z) + 1 

" r mea£S£e 2 i results(3, z) / results (2/ z) -sum green over total courf 
Else measure « results (1, z) / results (0, z) 'over count divided by undt 
End If 

If ((measure >- resline(3)) And (measure <~ resline(4))) Then 
gridl.Rov - gridl.Row + 1 
gridl.col - 0 
gridl.Text - tkname(z) 

gridl! Text^da taint . Recordset ( " interpretation" ) 
End if 
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End If 

data int. Records at, Mo veNext 

Loop 



graphl.RandomData - 1 
graphl .Refresh 
state - 0 
'Assay Sal . Clear 

opInst.Text - "Test Complete" 
End Sub 

Sub Timer l_Timer () . 
Dim x, y, 2 As Integer 
y - ReadPanel(thuf (0)) 

X - tbuf (38) 

• sat Waste Water indicator 
y « x And l 

2-1 

If y ■ 1 Then z - 0 
WWPic(z) .Visible - False 
WWPic(y) .Visible « True 

* set Sheath Fluid 
y - <x And 2) / 2 

2-1 

If y - 1 Then 2-0 
SFPic(z) .Visible - False 
SFPic(y) .Visible - True 

'set pressure 

y - (x And liH80) / £HS0 

2-1 

If y * l Then 2-0 
PRPic (2) .Visible - False 
PRPic(y) .Visible - True 

'set flow 

y - x And «17Q 'mask bits 

Select Case y 

Case tHIO 

FCPic (0) .Visible - True 
FCPic <1]> .Visible - False 
FCPic(2> .Visible - False 

Case &H20 

FCPic(O) .Visible - False 
FCPic (I) .Visible - False 
FCPic(2) .Visible - True 

Case £H40 

FCPic (0) .Visible - Falsa 
FCPic(l) .Visible - True 
FCPic (2) .Visible - False 

Case 0 

FCPic (0) .Visible - False 
FCPic (1) .Visible » False 
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FCPic( 2) .Visible - True 
End Select 



End Sub 
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option Explicit 

Dim photo(5) As Integer 

Din anpnum(5) As Integer 

Din mode (5) As Integer 
Dim thresh (5) As Integer 
Dim fcomp(5) As integer 
Dim trigs a v As Integer 



sub Check3Dl Click (Value As Integer) 
pbuf (39) « Value 

End Sub 

Sub Checx3D2 Click (Value As Integer) 
pbuf (40) - 2"* (Value + 1) 

End Sub 3 

Sub satpvals () _ 
» this sets the manual adjust screen to reflect 
* the current values in pbuf 

Dim x As Integer 
Por x > 0 To 4 
txtNumber(x) « pbuf (x + 13) 
amp(x) ■» pbuf (x + 18) 
Next x 

fscmod(pbuf (23) ) .Value - True 
sscmod(pbuf (24)) .Value - True 
fllmod(pbuf (25)) .Value - True 
fl2»od(pbuf (26)) .Value - True 
fl3mod(pbuf (27)) .Value - True 

Por x » 29 To 33 

If pbuf (x) <> 0 Then 

trigval - pbuf (x) 

trigger (x - 29) . Value - True 

End If 

Next x 

Por x « 0 To 3 
textl(x) - pbuf (x + 34) 
Next x 

ddmtxt(O) » pbuf (41) 
ddntxt(l) - pbuf (42) 

If pbuf (40) <> o Then optionl(pbuf (40) - 2) .Value - True 

stat (0) .Caption - Format$ (pbuf (10) * .05, "W-OO") 
stat (l).capt ion - Fonnat$(pbuf (11) * .02, "###.00"). 
stat (2). caption - Format$(pbuf (12) / 100, »###.00«) 

If pbuf (39) - 1 Then 

stat (3) .Caption - "Enabled" 

Else stat (3) .Caption - "Disabled" 

End If 
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End Sub 



Sub amp_Change (Index As Integer) „ 
If Val (imp (Index) .Text) > 999 Then amp (Index) .Text - 999 
pbuf (Index + 18) - Val (amp (Index) .Text) 
amp(Index).Text - Format (pbuf (Index + 18)) 

End Sub 

sub command3Dl_Clicx () 
form2.Hide ~ 
End Sub 

Sub Commands D2 m C11ck () 

Dim x As Integer 

Dim y As Integer 1 

Dim z As Integer 

y - ReadPanel(tbuf (0)) 

I? r pbu£(x) <> tbuf(x) Then y - SendPanel(x, pbuf(x)) 
Next x *> 
End Sub 

Sub Coaaand3D3_Click () 

Dim y As Integer 

Dim X As Integer . 

loadpbuf 

setpvals 

For X ■ 13 To 42 

y - SendPanel(x, pbuf(x)) Te ™ndina M . 48, "Set Flow Cytomat 

If y > 30 Then KsgBox "Flow cytometer is not responding , a* i 

r" 

Next x 
End Sub 

Sub Command3D4_ClicX () 
savepbuf "~ 
End Sub 

Sub Command3D5_Clicx () 
form2.Hide "* 

End Sub 



Sub ddmscroll Change (Index As Integer) 
pbuf (Index + 41) - ddmscroll (index) .Value 
ddmtxt (Index) - Format (ddmscroll (Index) ) 



End Sub 



Sub ddmtxt Change (Index As * ntfl 9;r) . 

If Val (ddmtxt (Index)) > 999 Then ddmtxt (Index) - 999 

ddmscroll (Index) .Value - Val (ddmtxt < Index) ) 

pbuf (Index + 41) - ddmscroll (Index) -Value 



End Sub 
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sub fllmodjriick (Index As Integer, Value As Integer) 
pbu£(25) """index 
If Index - 0 Then 

spina (2). Enabled « False 

amp (2) .Enabled - False 

Else 

spina (2) .Enabled - True 
amp (2) .Enabled - True 
End XX 

End Sub 

sub fl2mod Click (Index As Integer, Value As Integer) 
pbuf<26) -"index 
If Index » 0 Then 

spina (3) .Enabled - False 

amp (3} .Enabled - False 
Else \ 

spina (3). Enabled - True 

amp (3) .Enabled - True 
End If 

End Sub *. 

Sub fl3mod Click (Index As Integer, Value As Integer) 
pbuf(27) -"index 
If Index - 0 Then 

spina (4) .Enabled - False 

amp (4) .Enabled - False 

Else 

spina (4) .Enabled - True 
amp ( 4 ) . Enabled - True 
End If 

End Sub 

Sub Form_X*oad (} 
Dim x As~Xnteger 
Dim y As Integer 
loadpbuf 

setpvals „ ^ . 

form2. Caption - f ormliCubeSel.Text & • Cuba Manual Adjust" 



End Sub 

Sub fscmod Click (Index As Integer, Value As Integer) 
pbuf(23) -"index 
If Index - 0 Then 

spina (0) .Enabled - False 

amp (0) .Enabled - False 

Else 

spina (0) .Enabled « True 
amp (0) .Enabled - True 
End If 



End Sub 

Sub HScrolll_Change (Index As Integer) 
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pbuf (Index + 34) - HScrolll(Index).Value 
textl (Index) - Format (HScrollM Index) ) 
End Sub 

Sub Optionl Clidc (Index As Integer) 
pbuf (40) » Index + 2 
pbuf (39) - 1 
End Sub 

Sub Spinl_SpinDovn (Index As Integer) 
Dim min "~ 

pbuf (Index + 13) - pbuf (Index + 13) - 1 

If Index - 0 Then min - 0 Else ain - 150 

If pbuf (index + 13) < ain Then pbuf (Index + 13 - min 

txtKuSberUndex) .Text - Format (pbuf (Index + 13)) 

End Sub 

Sub Spinl_SpinUp (Indax As Integer) 
Din max "™ 

pbuf (Index + 13) - pbuf (Index + 13) +1 

If index - 0 Then max - 4 Else max - "» m 

If pbuf (index + 13) > max Then pbuf Index + 13 - max 

txt5uaber( Index). Tex£ - Format (pbuf (Index + 13)) 

End Sub 

Sub Spina_SpinDovn (Index As integer) 
Dim min " 

pbuf (Index + 18) - pbuf (Index + 18) - l 

?f n pbu"lndex + 18) < min Then pbuf (Index + 18) - min 
amp (Index) .Text - Format (pbuf (Index + 18)) 

End Sub 

Sub Spina_SpinUp (Index As Integer) 
Dim max "~ 

pbuf (Index +18) - pbuf (Index +18) +1 

IftA^f ^1 Q Q Q 

If pbuf (index + 18) > max Then pbuf (Index + 18) - max 
amp ( Index ) .Text - Format (pbuf (Index + 18)) 

End Sub 

Sub sscmod Clicx (index As Integer, Value As Integer) 
pbuf (24) -"index 
If Index - 0 Then 

spina (1) .Enabled - False 

amp (1) .Enabled - False 

Else 

spina (1) .Enabled « True 
amp (1) .Enabled - True 
End If 

End Sub 

Sub Textl Change (Index As Integer) 
If Val( textl (Index)) > 999 Then textl(Iridex) - 999 
. HScrolll (index) .value - v » l < te 5 tl 1 (I " d ?!;i ) 
pbuf (index + 34) - HScrolll (index) .value 
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End Sub 

Sub trigger_Clic)c (Index As Integer, Value As Integer) 
Dim x ~ 
For x - 29 To 33 
pbuf (x) - 0 

Next x , ^ _ 

pbuf (Index + 29) - Val (trigval.Text) 

trigsav - Index 

pbuf (28) - 128 + Index 

End Sub 

Sub trigval Change () „ ^ . „___„ 

If Val (trigval.Text) > 999 Then trigval.Text - "999" 
VScrolll. Value - Val (trigval.Text) 
pbuf (trigsav + 29) - VScrolll. Value 

End Sub j 

Sub VScrolll Change () 
trigval.Text"- Format (VScrolll. value) 
pbuf (trigsav + 29) - VScrolll. Value 

End Sub 
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Option Explicit 

Global pbuf (64) As Integer 

Global tbuf(64) As Integer 

Global lbuf (8, 32) As Integer 
Global hldtab(7, 1023) As Integer 
Global results (3 # 1023) As Long 
Global testdef (1, 1023) As Integer 
Global resline(5) As Integer 
Global tkname(1024) As string 
Global state As Integer 
Global lastnode As Integer 
Global lasttst As integer 
Global events As Long 



D*cl«. I ^2Son ReadPanel Lib .-c:\nsvc\bin\orbit.dll" (pbuf As Integer) As Znt 
Delia*. Function ReadList Lib -o:\-svc\bin\orbit.dll" (lbuf As Integer) As Inte 



^or°f cube, the data base vaXues are loaded into pbuf 

Din x As Integer 

form2 I facset. Refresh _ 1<sflk 

Do While rorm2Ifacset.Recordset.E0F - False 

If rormllCubeSel.Text - t or»2i facset. Recordset (0) Then Exit Do 

form2 If acset. Recordset. MoveNext 

Loop 

For X *• 0 To 42 ^ t 

pbuf (x) - form2lfacset.Recordset(x + 1) 

Next x 
End sub 

? U $h" V :£« the current values in pbuf to the data base 
Dim x As Integer 

form21 facset. Refresh _ 1ett 

Do While fora21facset.Recordset.E0F - False 

If forallCubeSel.Text - f orm2 ! facset. Recordset <0) Then Exat Do 

f orm2 1 facset . Recordset . MoveNext 

Loop 

f or»2 1 f acs et . Records et . Edit 
For X * 0 To 42 

f octd2 i f acs at • Recordset ( X + 1) - pbuf (x) 
Next x 

f orm2 I f acs et . Recordset. Update 
End Sub 
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Option Explicit 
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uiuuuuuuuiuuumuummmmmuuumm 
u 

II KDXDLL.DLL BOurco. 

'miuiminmntiiiiiiniiiininmiimminiimim 

/includa <wtndow» . h> 
#laelud« -mdxdlL.h" 

lnt WIMAPX jaxpart InitBrd(void) 
( 



< 




GftOV 


dx,brdctrl 


mov 


aoc,20h 


out 


die, ax 




dx,brdetrl 


in 


ax f dx 


or 


ax,outfifbelr 


or 


«,infifoclr 


out 


dx,ax 


mov 


dx,inpxfar 


mov 


ax # 0 iysot 


out 


dx,ax 


SOT 


dx # prtctrl 


mor 


jix,0 


ot 


ax,etlO laat 


or 


ax,ctll 


out 


dx» ax 



I sat both «i«ofl to claax 



taov 


dx # prtctrl 


in 


ax* dx 


mov 


bx,pcaaat 


not 


bx 


and 


' ax,bx 


out 


dx # ax 


or 


axypraaot 


out 


dx,ax 


mov 


dx,brdata 


in 


ax»dx 


mov 


dx f inpxfar 



csaat taca 



/toggla 



mov ax»0 

out dx,ax 

mov dx,prtctrl 

nev ax, 6 jaaaart ctlO 61 

out dx.ax 

// aim coda hara 

> 

/ / BandPanal (ddiaaaa, 1 ) ; 
raturn(O) | 

> 



KIWKPX _a*port SandPanal(int parxn, int PanVal) 
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int i - 0| 



oov dx,bj:dctrl 

in *x,±t 

mov bx# in«n 

not bx 

and ax,b* 

or ax, out an 

out dx,»x 

mov dxrprtetrl 

In *x,dx 

mov bx,cttlO 

not bx ] 

and ax,bx 

out dx,ftx 

mov dx,brdotrL 

In ax,dx ^ 
or axrQUtfifocLr 
out dx,ax 
bov bx,outfifoclr 
not bx 
ud ax,bx 
out dx,« 

mov dx,bdata 
mov «x, 1 
out dxt*x 



mov bx,parm J9»* *°* m 

mhl bx,10 

mov ax,P»nVai I9«t P*»* A ** lu- 



out 



,2tth 
ax,bx 

dx,ax >«nd it out 



bov dx.dlyctrl 

mov ax»0160h 

out dx»AX 

mov d* f brdctrl 

in mx,dx 

or ax,h»hkan 

OUt dJC,M ' 

mov c«,4000 

waandt mov cU,brdat» 

in «x,dx 

mov bx, ax 

and bx.l fl-«mpty fito 

jn* vaand 

mov dxrprtctrl 

in jix,dx 
or iLX # etiO 
out dx , ax 



WO 97/14028 



PCT/US?6/16198 



-186- 



mov 

in 

mov 

or 

not 

and 

out 

mov 



dx,.brdctrl 

juc„dx 

bx„out«n 

bx„hahken 

bx 

ax,bx 
dx,ax 

dx,dlyctrl 

ax,0101h 

dx # ax 



// aam cod* hara 

) 



raturn(i) J 



int WINAPI export; RoadPanal ( int _f*r -pbuf) 
{ 

tnt fmr* pbufptr pbttf i 

»*» *, 

< 

mov dit # brdctrl 

or «',wtft£ocXr J«»t both fifoa to claar 

or ax,tn£ifoclr 

out dx*ax 

mov dx,tnpxf«r 

mov ax, 0 !■•*■ xfar count to a 

out dx,ax 

mov dx,prtct£l 

mov ijc 1 0 

or Ax,ctlO | not control linaa to idlo 
or AXfCtll 
out clx,ax 



mov 
in 
or 
out 

lowlps mov 
in 
mov 
and 

3* 

jmp 



dx.prtetrl 
nx,dx 

ax,praaat ftoggla 
dx,ax 

dXfprtats 

ax f dx 

bx.ax 

«x,«tal fhaa atal gona low yet? 

walthlgh »T«. wait tor It to go back high 

lowlp ; •****•*•*••*•** 



wait high i 



in 
and 



dx.brdetrl >no, panel coming ao a.t up read 

axidx 

al,Oaah fhandak off out off 
4x,8 iclr in flfo 
dx.ax 
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and 

out 



in 

mov 

not 

and 

out 



out 



in 
or 
out 



ai,0f7h jfifo clr off 
dx,ax 



dx„inpxfer 
ax, 43 
dx ff ax 



,aat up xfar count 



dx#prtctrl 

bx,ctlO 
bx 

dx',tx ;«t ctlO to ra<ju«at panal data 

dx,dlyctrl 

ax,101h 

dx,ax 



dx,bxdctrl 
a*,d* 1 
aj:«hahxan 
dx,ax 



; initiate handahaka 



waitdatat 



or 
in 
and 
jnx 

mov 

in 

or 

out 

nov 

in 

and 

out 

push 

puah 

laa 

BOV 



readlpt 



in 

MV 

and 
and 
ahr 

BVOV 

loop 

pop 

pop 

> 



dx,brdat* 

bx,xferineom 

bjcxfarpand 

"'bit /wait until xfar not pending 
waitdata for incomplete 

die, prt Ctrl /done 
ax,dx 

ax,ctlO j atop 
dx,ax 

dx,brdctrl 

al^Oebh itum off handahaka and input anabla 

cU,ax 

di 

mu 

c-x,43 

di,pbufptr 
tlx, bdata 

iix t dx iraad data fron fifo 

bx*ax 

ax,3sfh 

hx.OfcOQh 

bx,9 >right 10 * 2 
word ptr eai(di+bx),ax 
readlp 

•a 

di 



return(O) ; 
) 

in * WINAPX «p« t .OX..*^ ^^rU^I^t.. 

long^Ivanti. int laetnode, int laattat) 
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< 

int far* ltoufptr • lbuf ; 
lnt far* hldptr • hldtab; 
int far* taatptr - taatdaf t 
long far* raaptr - raaultar 

lnt x # y,x,bdl,goodcnt,tokan - 0; 
whlla (avanta > 0) 

coodent - *aadLiat<lbuf ptr) I 
if <goodent > O) 



for (bdi - Of bdi < goodcntr bdi++) 
{ 

Vorai^a'corractioa goaa h.ra for lbufptr(bdiHfl21 
// x la *ha currant noda in tha hid tatola 
toucan - -If 
vhila (tokan < 0) 

x - lbufptrtbdl * 8 + <hldptrlx • 81) li 
// x ia tha valua of tha paranwtar undax taat 
if (<x >- hlStrtx * 8 + 33) « <» <- hldptrl* * • ♦ '!)) /A~ 

If (hldptrlx .e + 4)—0) tokan - hldptrlx • 8 ♦ 61) y 
/ 0 ».tna dona, gat tokan trua ^ ^ ^ hldptrlx * 8 ♦ 4), // gat noda trua 



v»l &fi high val 



> 



•laa 



if (hldptrlx * 8 + 5) — 0) tokan - hldptr[x * 8 + 7); 
/ g.t tok.n falaa ^ ^ _ hldptr(x . 8 + 5), // 9-t nod. fal.a 



) 

> 

•vent«— t 



C0UBt tf > t ..tptr t tok.n * 2 + 1)) r..ptr(tok.a * 4 4 //lne . 



var count 



raaptr Itokon • 4 + 2J++I // lne total count 
raaptrctoxan • 4 + 3] +- *J //aum Ftl 



aaa 

{ 

nop 

) 

raturn(O) j 
> 

int WIUXP1 _axport RoadLiot(lnt far »lbuf) 
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infc far* lbufptr - lbuf; 
int i - Op 



asm 

{ 

J* 

I 

I* 



road list mod* 



dx,brdctrl 



« - a^eutfifoclr ,..t both fifo. to cl.ar 

or ax # infifoelr 

out dx,wr 

mov dx.inpxfar . » 

aov aae,0 faat xfar count to 0 

out dXfUX j 

mov djtfprtctrl 

or* lectio i sat control linaa to idla 

or ax,etll 

out dx,ax *> 



in 
or 
out 



lOwlpll B0V 

in 

SOT 

and 

j» 

walthighlt 



In 
and 



and 

out 



dxiprtetrl 
ax f dx 
ax,praaat 
dat*ax 



jtoggla 



dx.prtata 
ax,dx 

ax.,atsO ihaa ataO gona low yat? 
lowlpl ; •#**•**• 



dx,brdctrl 
ax r dx 

al,0«oh jhandak off out off 
uc,8 ;clr in fifo 
dx p ax 

al,0f7h | fifo clr off 
dx f ax 



t, liat mod* coming ao aet up raad 



push an 

puah dl 

push da 

puah al 

Xaa dl, lbufptr 



out 



dx.inpxfmr «P *«« count 

a*,120 ,7 vala + chx aum ♦ 15 avanta 
dx,ax 



mov dx,prtetrl 
in ax,dx 



WO 97/14028 



PCT/US96/16198 



-190 



oov 
not 
and 
out 



out 



in 
or 
out 



valtdatalt 



or 
In 
and 
jnx 



chunk i 



bx,etll 
bx 

ix*bx 
dx,AJt 



in 

atoaw 

loop 

■ov 

in 

or 

out 

aov 

in 

and 

out 



l««t ctll to raqueat lint data 



dx.dlyctrl 

ax,101h 

d»»ax 

dx,brdctrl 
ax,dx 
*x,hahkan 
d»,ax 



I initiate handahaka 



dx # brdsta 

bx # xferincea 

bx,xferpaad 

«',bx fcwait until afar not pending 
waitdatal incomplete 
dx«bdata 

cx,120 /number of word* to raad 
■jc t dx 

chunk *' 

dx,prtctrl j dona 
RX,dx 

nx,ctll fatop 
i&x* ax 
«ix,bxdefcrl 

al!oabh >tum off handahaka and input enable 
dx.ax 



l«a dl f lbufptr 

«:iT^up t. IS good .v.,*. could b. pr...»* 



; chuck aligns 
mor dx>0 



; count of good recorda 



taat vord ptr |ai)»0«000h 



3* 
doe 
puah 
sov 

alnlpi lodau 
taat 

loop 

pop 

jmp 

nowalnoki 

aub 
pop 

alnoki puah 



aumehkt lodsu 



alnok 
ex 
ex 
cx,7 



I only 14 «*x poaaibla now 

other poaaibla alignmenta 



ax»0a000h 
nowalnok 
alalp' 
cx 

badbuff 



;now hava alignment 



ai,2 

ex 

ex 

ex,1 

bx,0 



irapoint to good align 
iraatora loop count 
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add 




loop 


■umchk 


lodiw 




cop 


bx.&x 


jn. 


neeopy 


■ub 




■or 




lodaw 




and 


ax,Jffn 


■tosw 




loop 


clncrpy 


Lne 


dx 


pop 


ex 


loop 


*U>OX 


1 

aov 


i,da 


pop 


•i 


pop 


da 


pop 


dl 


pop 


•a 



jlm check sum crood 
fropolnt to atart o< rac 

,Jffh rtawck off P»r» numbar 
I count aood racorda 



> 

return (i) i 
) 



niuuiuniuinnuuniuuuuiiuuiiuuuniiniiii 

// DLL Initialisation and oxit. 

{it WXM*PI LibK*Ln(RANDL£ hl»t, W ^,^» t ^' .... 

WORD cbBaapSixa, LPSTR lparOadLina) 

< 

hKodlnst - blasts 
if (ebBaapSlso I- 0} 

UalockD*ta<0)i 
ratura 1# 

> 



lat _axport WIKXp][ HCPflnt nFaram) 
{ 

rotucn 1; 

> 
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iiniuuuuntmuuuuuiiuniinmunuimmmi 

// includ. £11- tot KDXOtL.Dli* 

Vimmunuuniiuuimunuuimuimmmmmi 

#l£da£ epluaplua 

•ztarn "C" < 
#«ndl£ 

nmumnuiiiiuuimmmuutunnuiunmumi 
it 

II Sa£ina 0S8UO macro* . 
tit da£ia«d<JWB<JO) 46 ld.£in«MJ«> 
char « ASSOTt 255] i 




#d«£tn 



#d«£lM CTACX2<a,b,c) < vapriJrtrf< T «. M5WT ' 
OvatputDQbu9Strlijg< - «x - ASSXRI) J ) 

#«ndi£ 

#i£ ld«£in«d<J>XBOC) « Id«£lnad(_*W 

#d«£ln« XSSKtt(a) 
*d«£ina TRXOC(a) 
#da£in« TRWaCl(a ( b» 
Jdaflna TBACE2<a,b,e) 

fandit 

,„„mittmniimiinmuiiitmiiiiimiiiuiiiufiii 

// fron Wlndowax.h 

ci *;^rroe&;^^ • ,eM " w> ' 

lags)))) \ 

#d.tln. 8U *532SSoSS«r«*P>' «BOOL)Clob.irr..<01 0 b.l*trHandl.<lP>>> 

//////////////////////////////^/^/ /////////////////////// 
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// Global v&riablaa. 

II 

HINSTANCX hHodlnat; // modula handle. 



// cytoaatlon board definition* 

fdafina baaa 0x340 
#daf ina bdata baaa ♦ 0 
Jdafina brdctrl baaa + 3 
#daxina brdata baaa + 4 
Jdaflaa prtctrl baaa ♦ 4 
Jdafine prtata baaa + 8 
#dafina dlyetrl baaa + 0x0a 
#daf ina inpxf ar baaa ♦ OxOo 

//faca codan } 

Jdafina ddaona 39 

//board control 

*, 

#daf ina otxtan 1 
Jdafina outfif oolr 2 
#daf in* inan 4 
fdaxina infifoclr 8 
fdaflaa hahxan 0x10 

//board atatua 

fdailna outf ifoa 
tfdaxina outf if oh 
fdaxlno outxifof 
#daflna iafifoa 
#dazina iafixoh 
fdafina in£iio£ 
#daf iaa xi arpand 
#daflna xfarineoa 

//port control 



?dafina praaat 1 

fdaf laa etlO 3 

#daf ina ctll 4 

//port atataa 

fdafina air 1 

fdaxlna pata 3 

fdafina ataO 4 

fdaflna atal 8 



iiiiiiiiiiiiiiuniiiiiuiiiiiinnnniiiiiiuiiuiiuuti 
it 

II Zxportad Functiona. 

// 



1 

3 - 

4 

8 

0x10 
0X30 
0x40 
0x80 



itifiiiiiiiiiiiiiiitiiiuiiituiuiiniiiiiiiimniitiiiii 
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// 

// Local function*, 

// 



int WIKAPI export a«ndP»n.l(lnt par*, tat PanValW 

int WXKAPI "axport Raad?an«l < in* pbuf())* 

int WIHXPt ~«xport R«*dU.flt < int lbuf[)U 

int WXHAPI "«epoet: Xnitard (void)| 

int vxmrx _«por* DoTf«*<int Ibuftl, int hldtabH, 

long wants, int l.atnoda, Int la«tt«t)> 



#ifd«f epluiplua 

> 

/•ndif 
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j Modul. D.finltlon fil« for HDXDIX.OtL 



DSSOimiOH •KDXDLL LiDwy* 

txr rg pi windows 

COOt PRELOAD KCIVXBLB 

OXTX PWtLOXO WJVABLX 

HEAPS! Z2 1024 

* X 22 M 8 1 RESIDKNTNMO: 

InitBrd « \ 



« 

MadList 05 



Dotaat 
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WHAT IS CLAIMED IS: 

1. A method of preparing a headset capable of detecting a plurality of analytes in a single 
fluid sample by flow cytometric analysis comprising: 

(a) obtaining a plurality of subsets of beads wherein the beads in each subset are 
sufficiently homogeneous with respect to at least three selected classification 
parameters (C„ C 2f Cj ... C n ) and sufficiently different in at least one of said 
classification parameters from beads in any other subset so that the profile of 
classification parameter values within each subset detectable by flow cytometry 
is uniqbe; 

(b) coupling the beads within each subset to a reactant that will specifically react 
with a given analyte of interest in a fluid to be tested; and 

(c) mixing the subsets of beads to produce a headset, wherein the subset identity and 
therefore the reactant to which the bead has been coupled is identifiable by flow 
cytometry based on the unique classification parameter profile of the beads. 

2. A beadset capable of detecting a plurality of analytes in a single fluid sample by flow 
cytometric analysis comprising a plurality of subsets of beads wherein: 
(a) the beads in each subset are sufficiently homogeneous with respect to at least 
three selected classification parameters (C„ C : , C, ... CJ and sufficiently 
different in at least one of said classification parameters from beads in any other 
subset so that the profile of classification parameter values within each subset 
detectable by flow cytometry is unique; 
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(b) wherein the beads within each subset are coupled to a reactant that will 
specifically react with a given analyte of interest in a fluid to be tested; and 

(c) wherein said subsets have been mixed to produce the beadset, characterized in 
that the subset identity and therefore the reactant to which the bead has been 
coupled is .identifiable based on the unique classification parameter profile of the 
bead. 

3. A method of flow cytometric analysis capable of detecting a plurality of analytes of 
interest in a single fluid sample comprising: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in eacrteubset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C„ C* C 3 ... O values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with a selected analyte 
of interest in a fluid to be tested; 

(b) mixing, to produce a reacted bead sample, the beadset with the fluid to be tested 
under conditions that will allow reactions between analytes of interest in the fluid 
and the reactants on the beads in said set, wherein a reaction between a reactant 
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and an analyte of interest on a bead causes a change in the value of a fluorescent 
signal (F w ) emitted from said bead; 

(c) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F„ value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the reactant on 
the bead as a function of the unique profile of classification parameter values; and 

(e) detecting the presence or absence of a particular analyte of interest in said sample 
as a function of the identification in step (d) and a change in the F m values of the 
beadsUn each of said subsets in the reacted fluid sample relative to the F m values 
of the beads in each of said subsets not reacted with said fluid. 



A method of How cytometric analysis capable of detecting a plurality of analytes of 
interest in a single fluid sample comprising: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C„ C* C, ... C„) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with a selected analyte 
of interest in a fluid to be tested; 
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(b) mixing, to produce a reacted bead sample, the beadset with the fluid to be tested 
under conditions that will allow reactions between analytes of interest in the fluid 
and the reactants on the beads in said set; 

(c) mixing with the reacted bead sample a fluorescent label under conditions such 
that said label will bind to and thereby increase the value of a fluorescent signal 
F m emitted from said bead; 

(d) analyzing the reacted sample containing the fluorescent label by flow cytometry 
to determine the classification parameter value profile and an F m value of each 
bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the reactant on 
the bead as a function of the unique profile of classification parameter values; and 

(f) detecting the presence or absence of a particular analyte of interest in said sample 
as a function of the identification in step (e) and an increase in the F m values of 
the beads in each of said subsets in the reacted fluid sample relative to the F m 
values of the beads in each of said subsets not reacted with said fluid. 

A method of flow cytometric analysis capable of detecting a plurality of analytes of 
interest in a single sample comprising: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C„ C 2 , C 3 ... C a ) values and sufficiently 
different from beads in any other subset in at least one of said 
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^ «*ch sub*t *«->•= » «"» «»«-* 15 

unique, 

of interest in a fluid to be tested, and 
(3) arc reacted with a fluorescent* labeled compound which compete* with 
said analyte for reaction with said reactant; 

a* *e ^ on ft. b- - - -* • ~ * " 

^ aa ™ly« of in«m. 1» »» W« " aoed: 
^ «, — d -* * - » *° ^ 

as a function of the identification in step (d) and an increase in the F» values of 

„ herfs i. each of said *«s in to -* « — » ** ' " 

va.nesof^bead.ine.chofsaidsnbsetsrK.t^uc^saidOuid. 



15 



(C) 



20 
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i. The method of any one of claims 3, 4, and 5 wherein C„ Q, and C, are each different 
and are selected from the group consisting of forward light scatter, side light scatter and 

fluorescence. 

7. The method of any one of claims 3, 4, and 5 wherein n is greater than or equal to 4 and 
C, is forward angle light scatter, C 2 is side angle light scatter, C 3 is fluorescence at a fast 
wavelength and C, is fluorescence at a second wavelength. 

8. The memod of claim 7 wherein said first wavelength is red and said second wavelength 
is orange. I 

9. The method of claim 7 wherein said first wavelength is red, said second wavelength is 

t, 

orange, and the wavelength of said F m signal is green. 

10. The method of claim 3 wherein said analytes of interest are antigens and said reactants 
are antibodies specifically reactive with said antigens. 

11. The method of claim 3 wherem said analytes of mterest' are antibodies and said reac^ 
are antigens specifically reactive with said antibodies. 

12. The method of claim 3 wherein said analytes of interest are antigens selected from the 
group consisting of bacterial, viral, fungal, mycoplasmal, rickettsial, chlamydial and 
protozoal antigens and said reactants are antibodies specifically reactive with said 

antigens. 

13. The method of claim 3 wherein said reactants are antigens selected from the group 
consisting of bacterial, viral, fungal, mycoplasmal, rickettsial, chlamydial and protozoal 
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antigens and said analytes of interest are antibodies specifically reactive with said 
antigens. 

14. The method of any one of claims 10 or 12 wherein said antigens are antigens borne by 
pathogenic agents responsible for sexually transmitted disease. 

5 15. The method of any of claims 10 or 12 wherein said antigens are antigens borne by 
pathogenic agents responsible for a pulmonary disorder. 

16. The method of any of claims 10 or 12 wherein said antigens are antigens borne by 
pathogenic agents responsible for a gastrointestinal disorder. 

17. The method of claim 3 wherein said analytes of interest are substances of abuse. 
,o 18. The method of claim 3 vvh<«m said ^ 

19. The method of claim 3 wherein said analytes of interest are antigens or antibodies 
associated with one or more selected pathological syndromes. 

20. The method of claim 19 wherein said syndromes are selected from the group consisting 
of malignancy, allergy, autoimmune diseases, and blood borne viruses. 

i, 21. The method of clata 19 wh^^ 

22. The method of claim 3 wherein said analytes of interest are selected from the group 
consisting of analytes testing for pregnancies and hormones. 
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23. The method of claim 3 wherein said fluorescent signal is emitted from fluoresceinated 
antibodies specific for antibodies coupled to said beads in said set 

24. The method of claim 3 wherein said fluorescent signal is emitted from a fluoresceinated 
compound specifically reactive with an immunoglobulin molecule. 

s 25. The method of claim 3 wherein said fluorescent signal is emitted from an agent selected 
from the group consisting of a fluoresceinated anti-immunoglobulin antibody or a 
specifically reactive fragment thereof, fluoresceinated protein A, and fluoresceinated 
protein G. I 

26. The method of claim 19 wherein said analyte comprises autoantibodies and said antigens 
to comprise oligopeptide epitopes reactive with said autoantibodies, said fluorescent labels 

comprise fluorescent monoclonal antibodies reactive with said epitopes and wherein the 
presence of the analyte autoantibodies is detected as a result in a decrease of F m . 

27. The method of claim 3 wherein said analytes are enzymes, said reactants are 
fluorescently labeled substrates for said enzymes, said change in F m results from 

i s cleavage of said substrates from said beads. 

28. The method of claim 27 wherein said enzymes are selected from the groups consisting of 
proteases, glycosides, nucleotidases, oxidorcductases, hydrolases, esterases, 
convertases, ligases, transferases, phosphorylases, lyases, lipases, peptidases, 
dehydrogenases, oxidases, phospholipases, decarboxylases, invertases, aldolases, 

20 transaminases, synthetases, and phosphotases. 
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29. The method of claim 3 wherein the fluid to be tested is selected from the group 
consisting of plasma, serum, tears, mucus, saliva, urine, pleural fluid, spinal fluid and 
gastric fluid, sweat, semen, vaginal secretions, fluid from ulcers and other surface 
eruptions, blisters, and abscesses, and extracts of tissues including biopsies of normal, 
malignant, and suspect tissues. 

30. A method of flow cytometric analysis for detection of immunoglobulins in a fluid 
sample comprising the steps of: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in eac& subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
* selected classification parameter (C„ C 2t C,.„ C„) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to an immunoglobulin that corresponds to the 
immunoglobulin to be assayed for in the fluid sample; 
(b) obtaining a fluorescently labeled immunoglobulin-binding reagent capable of 
reacting with the immunoglobulins to be detected; 
. (c) mixing, to produce a reacted bead sample, the beadset with the fluid sample to 

be tested and the fluorescently labeled immunoglobulin-binding reagent under 
conditions that will allow competitive binding reactions between the 
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irnmunoglobulin-binding reagent and immunoglobulin in the fluid to be tested 
and between the irnmunoglobulin-binding reagent and the immunoglobulin on 
the beads in said set, wherein a reaction between a bead-bound immunoglobulin 
and the fluorescently labeled irnmunoglobulin-binding reagent causes an increase 
in the value of a fluorescent signal (FJ emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F„ value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the 
immundglobuiin on the bead as a function of the unique profile of classification 
parameter values; and 

(f) detecting a corresponding immunoglobulin in said sample as a function of the 
identification in step (e) and a change in the F m values of the beads in each of 
said subsets in the reacted fluid sample relative to the F m values of the beads in 
each of said subsets not reacted with said fluid. 

31. The method of claim 30 wherein said immunoglobulins to be detected are 
immunoglobulins belonging to different immunoglobulin classes. 

32. The method of claim 31 wherein said classes are selected from the group consisting of 
IgG, IgMJgA,andIgE. 

33. The method of claim 32 wherein said immunoglobulins to be detected are 
immunoglobulins belonging to different immunoglobulin sub-classes. 
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34. The method of claim 33 wherein said subclasses ate selected from the group consisting 
of human IgG„ Igft, IgG* W» ™ d 

35. A method of flow cytometric analysis for detection of immunoglobulin specific for a 
particular epitope of interest in a sample comprising the steps of: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(l) are sufficiently homogeneous with respect to each of at leas, three 
j selected classification parameter (C;, C 2 , Cj ... C„) values and sufficiently 
different from beads in any other subset in at least one of said 
, edification parameter values so that the profile of classification 
parameter values within each subset detectable by fiow cytometry is 
unique; and 

(2 ) are coupled to a monoclonal antibody preparation which is specific for an 
epitope that is the same epitope as that epitope which binds to an 
, immunoglobulin to be assayed for, 

obtaining a plurality of fluorescently labeled reagents wherein each of said 
reagents bears an epitope to which the monoclonal antibody preparation coupled 

to the beads within a subset binds; 
(c) rtl,^."^W^«bW«*4«iU4 sampletobe 

tested and the fluorescently labeled reagents under conditions that will allow 
competitive binding reactions between the fluorescently labeled reagents and 
tatnunoglobulin in the fluid to be tested and between the fluorescently labeled 
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reag ents and the monoclonal antibodies on the beads wherein a reaction between 
a bead-bound antibody and the fluorescent* labeled reagent causes an increase 
in the value of a fluorescent signal (FJ emitted from said bead; 
(d> analyzing the reacted sample by flow cytometry to determine the classification 

parameter value profile and an F m value of each bead analyzed; 
(.) identifying the subset to which each bead belongs and therefore the monoclonal 
embody on the bead as a function of the unique profile of classification 
parameter values; and 

(f) detecting the presence or absence of an immunoglobulin in said sample specific 
for said particular epitope as a function of the identification in step (e) and a 
change 'in the F m values of the beads in each of said subsets in the ..acted fluid 
sample relative to the F m . values of the beads in each of said subsets not reacted 
with said fluid. 

36. The method of claim 35 wherein the epitopes are epitope, located on v»l antigens. 

15 37. Tta B ^of«to36^i^^^^ b »^ <lMHIV - 

. 38. A method of flow cytometric analysis for detection of analytes commonly elevated in 

pregnancy in a fluid sample comprising the steps of: 

• • - _i„rai;*; nf <mbsets of beads wherein the beads 
(a) obtaining a beadset comprising a plurality of subsets 

in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C„ C> C, ... Q values and sufficiently 
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difFerent from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to an antibody which is specific for an analyte to be assayed 
for in the fluid sample; 

(b) obtaining a plurality of preparations of antibody molecules wherein each of said 
preparations contains fluorescently labeled antibodies specific for an analyte to 
be asspyed for in the fluid sample; 

(c) mixing, to produce a reacted bead sample, the headset with the fluid sample to be 
tested- and the fluorescently labeled antibodies under conditions that will allow 
binding reactions between the antibody that is coupled to the bead, the analyte of 
interest in the fluid to be tested, and the fluorescently labeled antibodies so as to 
bind said fluorescent antibodies to said beads though binding to said enzymes 
which are in turn bound to said beads though said bead-bound antibodies and 
wherein a bridging reaction between a bead-bound antibody, the analyte to which 
that antibody binds, and the fluorescently labeled antibody specific for said 
enzyme causes an increase in the value of a fluorescent signal (F m ) emitted from 
said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 
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(e) identifying the subset to which each bead belongs and therefore the antibody on 
the bead as a function of the unique profile of classification parameter values; and 

(f) detecting the analyte in said sample as a function of the identification in step (e) 
and a change in the F m values of the beads in each of said subsets in the reacted 
fluid sample relative to values of the beads in each of said subsets not reacted 
with said fluid. 

39. The method of claim 38 wherein said analytes are selected from the group consisting of 

human chorionic gonadotropin, alpha fetoprotein, and 3* estradiol. 
1 

40. A method of flow cytometric analysis for determining the epitope to which a monoclonal 
antibody binds'comprising the steps of: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C,, C ; , C s ... C fl ) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a peptide which provides a given epitope; 

(b) obtaining a fluorescently labeled monoclonal antibody of interest; 

(c) mixing, to produce a reacted bead sample, the beadset with the fluorescently 
labeled monoclonal antibody under conditions that will allow binding reactions 
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between the bead-bound peptide which provides the epitope to which the 
monoclonal antibody is capable of binding and said monoclonal antibody, 
wherein a reaction between a bead-bound peptide and the fluorescendy labeled 
monoclonal antibody causes an increase in the value of a fluorescent signal (F m ) 
emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F„ value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the peptide on 
said bqad as a function of the unique profile of classification parameter values; 
and 

(f) detecting the particular epitope to which the monoclonal antibody binds as a 
function of the identification in step (e) and a change in the F m values of the 
beads in each of said subsets in the sample relative to the F m values of beads not 
reacted with said monoclonal antibody. 

41 . The method of claim 40 where said peptides are from 2 -100 amino acids in length. 

42. A method of flow cytometric assay for antibodies reactive with given pathogens of 
interest in a fluid sample comprising the steps of: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) art sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C h C 2 Xs — C n) vaiucs ^ d sufficiently 
different from beads in any other subset in at least one of said 
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classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to an antigen derived from one of said pathogens of interest : 

(b) obtaining a fluorescently labeled immunoglobulin-reactive reagent; 

(c) mixing, to produce a reacted bead sample, the beadset with the fluid sample and 
the fluorescently labeled immunoglobulin-reactive reagent under conditions that 
will allow binding reactions between the bead-bound antigen and antibody in said 
sample tad the fluorescently labeled immunoglobulin-reactive reagent wherein a 
reaction between a bead-bound antigen, antibody in said fluid sample and the 
fluorescently labeled reagent causes an increase in the value of a fluorescent 
signal (F m ) emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the peptide on - 
said bead as a function of the unique profile of classification parameter values; 
and 

(0 detecting the particular epitope to which the monoclonal antibody binds as a 
function of the identification in step (e) and a change in the F m values of the 
beads in each of said subsets in the sample relative to the F m values of beads hot 
reacted with said fluid sample. 
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43. The method of claim 42 wherein said antigens comprise one or more of the following 
antigens: Toxoplasma gondii, Rubella virus, Cytomegalovirus, and Herpes Simplex 
virus. 

44. The method of claim 43 wherein said fluorescently labeled immunoglobulin-reactive 
5 reagent is anti-Human IgG. 

45. The method of claim 43 wherein said fluorescently labeled immunoglobulin-reactive 
reagent is anti-Human IgM 

46. A method of flow cytometric assay for antibodies reactive with allergens of interest in a 
fluid sample comprising the steps of: 

to ( a ) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 

in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (Q, C h C 3 ... values and sufficiently 
different from beads in any other subset in at least one of said 

15 classification parameter values so that the profile of classification 

parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to an antigen derived from an allergen of interest; 
(b) obtaining a fluorescently labeled IgE reactive reagent; 

20 (c) mixing, to produce a reacted bead sample, the beadset with the fluid sample and 

the fluorescently labeled reagent under conditions that will allow binding 
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reactions between the bead-bound allergen and antibody in said sample and the 
fluorescently labeled IgE reactive reagent wherein a reaction between a bead- 
bound allergen, antibody in said fluid sample and the fluorescently labeled IgE- 
reactive reagent causes an increase in the value of a fluorescent signal (F m ) 
emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the allergen on 
said bead as a function of the unique profile of classification parameter values; 
and 

(f) detecting the particular epitope to which the monoclonal antibody binds as a 
function of the identification in step (e) and a change in the F m values of the 
beads in each of said subsets in the sample relative to the F m values of beads not 
reacted with said fluid sample. 

47. The method of claim 46 wherein said allergen comprise one or more of the following 
antigens: Junegrass, Red Top, Bronte, Orchard, Timothy, Rye, Fesque, What, Quack, 
Bermuda, Johnson, Canary, Velvet, Saltgrass, Bahia, and Vernal. 

48. The method of claim 46 wherein said fluorescently labeled IgE reactive reagent is anti- 
human IgE 

49. The method of claim 46 wherein said fluorescently labeled IgE reactive reagent is anti- 
canine IgE. 
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50. A method of flow cytometric analysis capable of quantitating the concentration of an 
analyte of interest in a fluid sample comprising: 

(a) obtaining a headset comprising a plurality of subsets of beads, wherein the beads 
in each subset; 

(I) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C, , C 2 , C 3 , ...C„) values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
jparameter values within each subset detectable by flow cytometry is 
unique; and 

(2) *' are coupled to a reactant that will specifically react with the selected 

analyte of interest in the sample to be tested; and 
wherein the beads in a plurality of said subsets are coupled to the same reactant 
but at concentrations which differ among said subsets; 
(b) mixing, to produce a reacted bead sample, the headset with the fluid sample to be 
tested under conditions that will allow reactions between the analyte of interest in 
the fluid sample and the reactants on the beads in said set, wherein a reaction 
between a reactant and an analyte of interest on a bead causes a change in the 
value of a fluorescent signal (FJ emitted from said bead; 
, (c) analyzing the reacted sample by flow cytometry to determine the classification 

parameter value profile and an F m value of each bead analyzed; 
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identifying the subset to which each bead belongs and therefore the concentration 
of reactant with which the bead was coupled as a function of the unique profile of 
classification parameter values; and 

detecting the concentration of the analyte of interest in said sample as a function 
of the identification in step (d) and the F n values of the beads in each of said 
subsets relative to the F ra values of a second set of the beads in each of said 
subsets, wherein said beads in said second set have not been reacted with said 
fluid sample but have been reacted with a known concentration of the analyte of 
interest! 

A method of , flow cytometric analysis capable of quantitating the concentration of an 
analyte of interest in a fluid sample comprising: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C, , C* C 3 , ~.C J values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with the analyte of 
interest in the sample to be tested; and 
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wherein the beads in a plurality of said subsets are coupled to the same 
ireactant but at concentrations which differ among said subsets; 

(b) mixing, to produce a reacted bead sample, the beadset with a fluorescently 
labeled competitive inhibitor of the reaction between the analyte of interest and 
the reactant on the beads and with the fluid sample under conditions that will 
allow reactions between the analyte of interest in the fluid sample and the 
reactants on the beads in said set, wherein a reaction between an analyte of 
interest and a reactant on a bead causes a decrease in the value of a fluorescent 
signal (F J emitted from said bead; 

(c) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the concentration 
of reactant with which the bead was coupled as a function of the unique profile of 
classification parameter values; 

(e) assigning a bead subset value to each bead subset with correlates relatively with 
the concentration of analyte with which the bead subset was coupled; 

(0 determining an inter-bead subset slope from a plot of mean F m for each bead 
subset versus bead subset value to produce an inter-bead subset slope; and 

(g) determining the concentration of the analyte of interest in the sample by 
interpolation of the slope determined in step (0 into a standard assay curve 
wherein the inter-bead subset slopes of beads incubated with known 
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concentrations of the analyte of interest are plotted against the log of the known 

concentration of the analyte of interest. 
A method of generating a multiplexed standard assay curve for use in quantitating the 
concentration of an analyte of interest in a fluid sample comprising the steps of: 
(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 

in said subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C, , C„ C„ ...C B ) values and sufficiently 
Afferent from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with a selected analyte 
of interest in a fluid to be tested; and 

(3) wherein the beads in a plurality of said subsets are coupled to the same 
reactant but at concentrations which differ among said subsets; 

(b) mixing, to produce a reacted bead sample, the beadset with a fluorescently 
labeled competitive inhibitor of the analyte of interest and a known concentration 
of the analyte of interest under conditions that will allow reactions between the 
analyte of interest in the fluid and the reactants on the beads in said set, wherein a 
reaction between a reactant and an analyte of interest on a bead causes a decrease 
in the value of a fluorescent signal (F J emitted from said bead; 
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(c) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the concentration 
of reactant with which the bead was coupled as a function of the unique profile of 
classification parameter values; and 

(e) assigning a bead subset value to each bead subset with correlates relatively with 
the concentration of analyte with which the bead subset was coupled; and 

(f) determining an inter-bead subset slope from a plot of mean F m for each bead 
subseQversus bead subset value; and 

(g) repeating steps (a) - (f) at least one time but with a known concentration of 
analyse of interest that differs from said concentration of analyte of interest 
employed in any other step (b); and 

(h) plotting to produce a standard curve the inter-bead subset slopes at each known 
concentration of analyte of interest against the log of each known concentration 
of analyte of interest 

53. A method for flow cytometric analysis to detect a plurality of nucleic acid analytes of 
interest in a single sample comprising: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C„ C 2 , Cj ... Q values and sufficiently 
different from beads in any other subset in at least one of said 
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classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique, 

(2) are coupled to a nucleic acid that will specifically hybridize with a 
s selected nucleic acid analyte of interest in a fluid to be tested, 

(3) are reactive with a fluorescently labeled nucleic acid probe which 
competes with said nucleic acid analyte for hybridization with said 
nucleic acid coupled to the bead; 

(b) raixingjto produce a reacted bead sample, the beadset with the fluid to be tested 
to under conditions that will allow hybridization between nucleic acid analytes of 

interest' in the fluid and the nucleic acids coupled to the beads in said beadset and 
thereby to allow the nucleic acid analytes in said fluid to inhibit hybridization 
between the fluorescently labeled nucleic acids with the nucleic acids coupled to 
said beads, resulting in a decrease in a fluorescent signal F m emitted from a bead 
is with which a nucleic acid analyte of interest in the fluid has reacted; 

(c) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F m value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the reactarit on 
the bead as a function of the unique profile of classification parameter values; and 

20 (e) detecting the presence or absence of a particular analyte of interest in said sample 

as a function of the identification in step (d) and an increase in the F m values of 
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the beads in each of said subsets in the reacted fluid sample from the F m values of 
the beads in each of said subsets not reacted with said fluid. 

54. The method of claim 3 wherein said analytes are enzymes, said reactants are fluorescent 
molecules which upon reaction with the enzyme lose fluorescence, said change in F m 
results from alteration of said substrates attached to said beads. 

55. The method of claim 3 wherein said analytes are enzymes, said reactants are non- 
fluorescent molecules which upon reaction with the enzyme become fluorescent, and 

said change in F m results from alteration of said substrates attached to said beads. 
1 

56. The method of claim 3 wherein said analytes are convenes which produce active 
enzymes from inactive precursors, said reactants are inactive precursors that are 
converted to active enzyme which in turn are reactants of fluorescently labeled substrates 
for said newly activated enzymes, and said change in F m results from cleavage of said 
substrates from said beads. 

57. The method of claim 5 wherein said analytes are enzymes, said reactants are molecules 
attached to a bead which, upon reaction with the enzyme, become ligates for a 
fluorescently labeled ligand, and wherein said change in F m results from reaction of the 
new ligate with the fluorescently labeled ligand. 
58. The method of claim 3 wherein said analyte is a cofactor which produces an active 
enzyme from an inactive a P o-enzymes, said reactant is a fluorescently labeled substrate 
for said activated enzyme, and said change in F„ results from cleavage of said substrate 
from said active enzyme. 
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A method of processing a plurality of data signals generated by a flow cytometer in real- 
time, each said data signal being associated with a specific cytometric target and 
encoding a forward light scatter value, a side light scatter value, a red fluorescence value, 
an orange fluorescence value, and a green fluorescence value, comprising: 
(a) receiving a data signal; 

0,) extracting from said data signal (1) a forward light scatter value, (2) a side light 
scatter value, (3) a red fluorescence value, (4) an orange fluorescence value, and 
(5) a green fluorescence value; 

(c) classifying said cytometric target into one of a plurality of classes, referred to as 
an identified class, said classification being a function of said extracted (1) 
forward light scatter value, (2) side light scatter value, (3) red fluorescence value, 
and (4) orange fluorescence value; 

(d) incrementing a class-count value associated with said identified class, said class- 
count value encoding the number of cytometric targets classified as belonging to 

5 said identified class; 

(e) accumulating a green-fluorescence-sum value associated with said identified 
• class, said green fluorescence sum-value encoding an arithmetic sum of said 

extracted green fluorescence value for all cytometric targets classified as 
belonging to said identified class; 

(f) repeating the operations described in paragraphs (a) through (.) for subsequent 

data signals; 
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(g) generating, for each of said plurality of classes, one or more outcome-description 
signals encoding textual information correlated with the class-count value and 
with the green-fluorescence-sum value for said class; and 

(h) displaying said textual information. 

60. The method of claim 59 wherein said specific cytometric target is an appropriately 
labeled bead. 

61. The method of claim 60 wherein each one of said plurality of classes is associated with 
one bead subset, said bead subset formed in accordance with claim 2. 

62. The method of claim 59 wherein the operation of paragraph © is further comprised of 
performing a reasonableness test on said cytometric target's identified class, said 
reasonableness test being a function of one or more of said identified class* (1) forward 
light scatter value, (2) side light scatter value, (3) red fluorescence value, and (4) orange 
fluorescence value. 

63. A method of processing a plurality of data signals generated by a flow cytometer, each 
said data signal being associated with a specific flow cytometric target and encoding a 
plurality of classification parameter values and one or more measurement parameter 
values, comprising: 

(a) receiving a data signal; 

(b) extracting said plurality of classification parameter values and said one or more 
measurement parameter values from said data signal; 
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(c) classifying said cytometric target into one of a plurality of classes, referred to as 
an identified class, said classification being a function of said plurality of 
extracted classification parameter values; 

(d) incrementing a class-count value associated with said identified class; 

(e) accumulating each of said one or more extracted measurement values into one or 
more respective accumulation-values for said identified class; 

(0 repeating the operations described in paragraphs (a) through (e) for subsequent 
data signals; 

(g) generating, for each of said plurality of classes, one or more outcome-description 
signals encoding information correlated with the class-count and with the one or 
more accumulation-sum values for said class; and 

(h) displaying said textual information. 

64. The method of claim 63 wherein said processing in performed in real-time. 

65.. The method of claim 64 wherein each one of said plurality of classes is associated with . 
one bead subset, said bead subset formed in accordance with claim 2. 

66. The method of claim 63 wherein said specific cytometric target is an appropriately 
labeled bead. 

67. The method of claim 63 wherein said data signal encodes a plurality of classification 
parameter values selected from the group consisting of forward light scatter, side light 
scatter, red fluorescence, and orange fluorescence. 



WO 97/14028 



PCT/US96/16198 



10 



-224- 

68. The method of claim 63 wherein said data signal encodes one or more measurement 
parameter values selected from the group consisting of orange fluorescence and green 
fluorescence. 

69. The method of claim 63 wherein said one or more outcome-description signals encodes 
textual information. 

70. The method of claim 63 wherein each of said one or more outcome-description signals is 
determined by either an OVER-UNDER test or a SHIFT test 

71. An machine loadable assay database, stored in a storage device, for the processing of 
flow-cytometric measurement data comprising: 

(a) an assay definition table, said assay definition table encoding (1) one or more 
measurement subset token identifiers, (2) for each subset token identifier, one or 
more baseline measurement parameter values, and (3) for each subset token 
identifier, an interpretation test-type token; 

(b) a discriminant function table, said discriminant function table encoding a 
classification decision tree based on one or more classification measurement 
parameters, said one or more classification measurement parameters encoded in 
said flow-cytometric measurement data; 

(c) an interpretation table, said interpretation table encoding textual assay outcome- 
description information; and 

20 (d) a results table, said results table capable of encoding statistical accumulation of 

real-time flow-cytometric measurement data. 
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72. A method of processing a plurality of data signals, in real-time, generated by a diagnostic 
device, each of said plurality of data signals being associated with a specific diagnostic 
target and encoding a plurality of classification parameter values and one or more meas- 
urement parameter values, comprising: 

(a) receiving a data signal; 

(b) extracting said plurality of classification parameter values and said one or more 
measurement parameter values from said data signal; 

(c) classifying said diagnostic target into one of a plurality of classes, referred to as 
an ideAtified class, said classification being a function of said plurality of 
extracted classification parameter values; 

(d) incrementing a class-count value associated with said identified class; 

(e) accumulating each of said one or more extracted measurement values into one or 
more respective accumulation-values for said identified class; 

(f) repeating the operations described in paragraphs (a) through (e) for subsequent 
data signals; 

(g) generating, for each of said plurality of classes, one or more outcome-description 
signals encoding information correlated with the class-count and with the one or 
more accumulation-sum values for said class; and 

(h) displaying said outcome-description signals. 

73. The method of claim 72 wherein said diagnostic device is selected from the group 
consisting of a flow cytometer and a cell sorter. 
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74. A program storage device that is readable by a computer, said program storage device 
having encoded therein a program of instructions that includes instructions for executing 
the method steps of a specified one of claims 59, 63. 71 , and 72. 

75. A method for flow cytometric analysis to detect genetic mutations in a DNA comprising: 

(a) obtaining beads coupled to an oligonucleotide molecule designed to hybridize 
with a selected PCR product of interest; 

(b) mixing the beads with said PCR product under conditions that will allow 
hybridation between said PCR product and the oligonucleotide coupled to the 
beads and thereby to allow the PCR product to inhibit hybridization between a 
fluorescently labeled nucleic acid probe that is completely complementary to said 
oligonucleotide coupled to said beads; 

(c) adding said fluorescent probe to the mixture; 

(d) analyzing the reacted sample by flow cytometry to determine the fluorescence of 
, s each bead analyzed; and 

(e) detecting the genetic mutation or absence thereof as a result of the degree of 

fluorescence on the beads. 

76. A method to detect a genetic mutations in a DNA comprising: 

(a) obtaining beads coupled to an oligonucleotide molecule, said oligonucleotide 
molecule designed to hybridize with a selected PCR product of interest; 

(b) mixing said beads with said PCR product, under conditions that will allow 
hybridization between said PCR product and the oligonucleotide coupled to the 
beads, to form a reacted mixture; 



20 



WO 97/14028 



PCTAJS96/l«tM 



-227- 

(c) adding a fluorescent probe to said reacted mixture; 

(d) determining the fluorescence of the beads by flow cytometry; and 

(e) detecting the genetic mutation, or absence thereof as a result of the degree of the 
determined fluorescence on the beads. 

77. A method of detecting a genetic mutation in a DNA comprising the steps of: 

(a) selecting an oligonucleotide probe for said genetic mutation; 

(b) preparing a floowcent DNA probe complementary to the oligonucleotide probe 
coupling said selected probe to each one of a plurality of beads to form a bead 

J 

aliquot; 



(c) 



selecting PCR primers to amplify a region of said DNA corresponding to said 
selected probe; 



(d) amplifying said genetic mutation by PCR to form PCR products; 

(e) mixing said bead aliquot, said PCR products and said fluorescent probe to form a 
mixture; 

(f) incubating said mixture to promote under competitive hybridization conditions; 

(g) measuring the fluorescence said beads by flow cytometry; and 

(h) detecting said genetic mutation, or absence thereof, as a function of the measured 
fluorescence of said beads. 

78. The method of claim 77 wherein said genetic mutation is selected from the group 
consisting of mutations in MEN2a, MEN2b, MEN1, ret proto-oncogene, LDL receptor, 
NFl, NF type 2, BRCA1, BRCA2, BRCA3, APC, adenosine deaminase, XPAC, ERCC6 
excision repair gene, fmrl, Duchenne's muscular dystrophy gene, myotonic dystrophy 
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protein kinase, androgen receptor, Huntington's, HPRT, apolipoprotein E, HEXA, 
steroid 2-hydroxylase, angiotensin, hNMLHl, 2 mismatch repair, APC, Rb, p53, bcr/abl, 
bcI-2 gene, chromosomes 11 to 14 and chromosomes 15 to 17 gene transpositions, and 
genes encoding ion transporters. 

79. The method of claim 77 wherein said oligonucleotide probe has a length of between 5 
and 500 nucleotides. 

80. The method of claim 77 wherein said PCR primers are designed to amply a region of 

said DNA corresponding to said oligonucleotide probe. 
1 

81. The method of claim 77 wherein said fluorescent probe is selected from the group 
consisting of DNA sequences complementary to wild-type or mutant sequences coupled 
to the be ads. 

82. A kit for detection of a genetic mutation in a DNA comprising: 

(a) a first container comprising beads coupled to an oligonucleotide designed to 
hybridize with a selected PCR product of interest; 

(b) a second container comprising a PCR primer designed to amplify a section of 
DNA complementary to said oligonucleotide; and 

(c) a third container comprising a fluorescent labeled DNA probe capable of 
selectively hybridizing said oligonucleotide. 

83. The kit of claim 82, wherein said genetic mutation is selected from the group consisting 
of munitions in MEN2a, MEN2b, MEN1, ret proto-oncogene, LDL receptor, NF1, NF 
type 2, BRCA1, BRCA2, BRCA3, APC, adenosine deaminase, XPAC, ERCC6 excision 
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repair gene, finrl, Duchennc's muscular dystrophy gene, myotonic dystrophy protein 
kinase, androgen receptor, Huntington's, HPRT, apolipoprotein E, HEXA, steroid 2- 
hydroxylase, angiotensin, hNMLHl, 2 mismatch repair, APC, Rb. P 53, bcr/abl, bcl-2 
gene, chromosomes 11 to 14 and chromosomes 15 to 17 gene transpositions, and genes 
encoding ion transporters. 

The kit of claim 82 wherein said fluorescent labeled DNA probe has a length of between 
5 and 500 nucleotides. 



85. The method clajm 3 where the analytes of interest are DNA segments, the reactant on the 
bead are DNA segment capable of specifically hybridizing to said analytes. and the 
fluorescent label is a fluorescent DNA segment also capable of specifically hybridizing 
with said reactant to compete with the hybridization of said reactant to said label. 
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